Google 


This  is  a  digital  copy  of  a  book  that  was  preserved  for  generations  on  library  shelves  before  it  was  carefully  scanned  by  Google  as  part  of  a  project 

to  make  the  world's  books  discoverable  online. 

It  has  survived  long  enough  for  the  copyright  to  expire  and  the  book  to  enter  the  public  domain.  A  public  domain  book  is  one  that  was  never  subject 

to  copyright  or  whose  legal  copyright  term  has  expired.  Whether  a  book  is  in  the  public  domain  may  vary  country  to  country.  Public  domain  books 

are  our  gateways  to  the  past,  representing  a  wealth  of  history,  culture  and  knowledge  that's  often  difficult  to  discover. 

Marks,  notations  and  other  maiginalia  present  in  the  original  volume  will  appear  in  this  file  -  a  reminder  of  this  book's  long  journey  from  the 

publisher  to  a  library  and  finally  to  you. 

Usage  guidelines 

Google  is  proud  to  partner  with  libraries  to  digitize  public  domain  materials  and  make  them  widely  accessible.  Public  domain  books  belong  to  the 
public  and  we  are  merely  their  custodians.  Nevertheless,  this  work  is  expensive,  so  in  order  to  keep  providing  tliis  resource,  we  liave  taken  steps  to 
prevent  abuse  by  commercial  parties,  including  placing  technical  restrictions  on  automated  querying. 
We  also  ask  that  you: 

+  Make  non-commercial  use  of  the  files  We  designed  Google  Book  Search  for  use  by  individuals,  and  we  request  that  you  use  these  files  for 
personal,  non-commercial  purposes. 

+  Refrain  fivm  automated  querying  Do  not  send  automated  queries  of  any  sort  to  Google's  system:  If  you  are  conducting  research  on  machine 
translation,  optical  character  recognition  or  other  areas  where  access  to  a  large  amount  of  text  is  helpful,  please  contact  us.  We  encourage  the 
use  of  public  domain  materials  for  these  purposes  and  may  be  able  to  help. 

+  Maintain  attributionTht  GoogXt  "watermark"  you  see  on  each  file  is  essential  for  in  forming  people  about  this  project  and  helping  them  find 
additional  materials  through  Google  Book  Search.  Please  do  not  remove  it. 

+  Keep  it  legal  Whatever  your  use,  remember  that  you  are  responsible  for  ensuring  that  what  you  are  doing  is  legal.  Do  not  assume  that  just 
because  we  believe  a  book  is  in  the  public  domain  for  users  in  the  United  States,  that  the  work  is  also  in  the  public  domain  for  users  in  other 
countries.  Whether  a  book  is  still  in  copyright  varies  from  country  to  country,  and  we  can't  offer  guidance  on  whether  any  specific  use  of 
any  specific  book  is  allowed.  Please  do  not  assume  that  a  book's  appearance  in  Google  Book  Search  means  it  can  be  used  in  any  manner 
anywhere  in  the  world.  Copyright  infringement  liabili^  can  be  quite  severe. 

About  Google  Book  Search 

Google's  mission  is  to  organize  the  world's  information  and  to  make  it  universally  accessible  and  useful.   Google  Book  Search  helps  readers 
discover  the  world's  books  while  helping  authors  and  publishers  reach  new  audiences.  You  can  search  through  the  full  text  of  this  book  on  the  web 

at|http: //books  .google  .com/I 


ORGANIC  CHEMISTRY. 


.  ■'   J 


A  TEXT-BOOK 


/■■ 


OF 


ORGANIC  CHEMISTRY. 


BY 

A.  BERNTHSEN,  Ph.D., 

Director  of  the  Scientific  Department  in  the  Chief  Laboratory  of  the  Baden  Aniline  and 

Alkali  Manufactory,  Ludwigshafen-am-Rhein; 

formerly  Professor  of  Chemistry  in  the  Unirersity  of  Heidelberg. 


TRANSLATED  BY 

GEOKGE    M'GOWAN,  Ph.D., 

Demonstrator  in  Chemistry,  University  College  of  N.  Wales,  Bangor. 


THE   ORIGINAL  TEXT  SPECIALLY  BROUGHT   UP  TO  DATE  BY  THE  AUTHOR 

FOR  THIS  EDITION. 


u     »         *> 


M      •*  •• 


/«.<(> 


LONDON:   BLACKIE   &  SON,  Limited; 
NEW  YORK:   D.  VAN  NOSTRAND  COMPANY. 

189L 


/  •     '■>v- 


•  I 

•  I 
•  ( 

•  < 

•  I 


»  •  »  to 

•     •  • 


AUTHOR'S  PREFACE 

TO    THE    GERMAN    EDITION 

In  lecturing  upon  Oiganic  Chemistry  in  the  TTniverBity  ot 
Heidelberg,  I  have  felt  more  and  more  each  session  the  desira- 
bility of  being  able  to  place  in  the  hands  of  my  students  a 
small  text-book,  which,  while  not  exceeding  some  thirty  sheeta 
in  size,  and  of  which  the  descriptive  portion  was  condensed  as 
far  as  practicable,  should  yet  be  of  a  strictly  scientific  charac- 
ter; a  book  which,  beginning  with  homologous  series,  should 
lay  especial  emphasis  upon  summarizing  the  characteristics  of 
each  class  of  compounds,  and,  wherever  possible,  upon  the 
inductive  development  of  the  theoretical  relations  existing 
between  them. 

The  following  text-book  of  Organic  Chemistry  is  an  attempt 
to  fulfil  these  requirements.  Excepting  in  a  few  cases,  where 
another  arrangement  appeared  to  be  more  suitable,  there  is 
given  here  for  each  class  (after  a  short  general  description)  a 
concise  statement  of  the  occurrence,  ger.w^  fti^dec  O'  forrai*- 
tion,  constitution  and  isomerides,  ajid  Dehaviour  of  (he  com- 
pounds in  question.  The  choice  of  the  compounds  described 
has  been  practically  determined  by  the  leq-i'.reintvntE  of  ttsich- 
iiig.  A  number  of  tables  are  incorpcrs^ted,  ivhich  I  have 
already  found  useful  in  my  lectures,  and  which  are  of  service 
for  summarizing. 

The  treatment  of  the  theoretical  matter  is,  especially  in  the 
first  half  of  the  book,  purely  inductive;  the  VsoiaftTit  TftUlAwa 
of  the  pai-atfins,  /or  instance,  are  first  reierredto  utiiat  \iM.\a»6, 


vi  author's  preface. 

and  no  constitutional  formula  of  any  important  compound  is 
given  without  the  grounds  for  it  being  indicated.  The  induc- 
tive method  is  also  retained  even  where,  as  in  the  case  of  the 
theory  of  the  benzene  derivatives,  the  historical  development 
has  run  on  other  lines.  In  accordance  with  this  the  class 
definitions  are  based  not  on  theoretical  but  on  actual  relations. 

Type  of  two  sizes  has  been  employed  in  the  book,  in  order 
that  the  matter  which  is  of  the  greatest  importance,  either  in 
itself  or  for  the  purposes  of  a  general  review,  may  be  readily 
distinguished. 

I  have  deemed  it  advisable  to  give  a  number  of  references 
with  regard  to  points  which  have  a  particular  historical  value, 
and  also  to  some  of  the  more  important  recent  researches, 
especially  where  space  did  not  allow  of  these  being  treated  in 
detail. 

Special  pains  have  been  taken  to  make  the  index  complete. 

I  trust,  therefore,  that  the  book  will  be  found  useful,  not 
only  to  the  student  of  chemistry  proper  on  his  entering  upon 
the  study  of  Organic  Chemistry,  but  also  to  students  of  medi- 
cine and  pharmacy,  whose  requirements  have  been  carefully 
.  boroe  .in  mind.  It  should  also  prove  of  service  to  chemists 
/iif&geS  tti  t^ciuacal  J^^rk,  who  may  wish  to  obtain  a  short 
survey  pf  tlj^  J>rel5^nt  state  of  our  science. 

I  •sheuld'itfA  .greatly  obliged  if  my  readers  would  kindly 
dnjwr^tShtJcttrlii:  aijy  inaccuracies  of  statement  or  errors  of 
print  wtict*may  Kavfe  crept  into  the  work. 

(Signed)     A.  BERNTHSEN. 

Heidelbebo,  April,  1887. 


AUTHOR'S  PREFACE 

TO   THE   ENGLISH    EDITION. 


The  translation  of  this  book  has  been  carried  out  by 
Dr.  M*Gowan,  who  has  reproduced  the  meaning  of  it  so 
thoroughly  that  I  feel  myself  bound  to  acknowledge  in  an 
especial  manner  the  accuracy  of  the  work,  and  to  express  my 
warm  thanks  to  him  for  the  same. 

The  large  amount  of  new  and  important  matter  in  the 

domain  of  Organic  Chemistry,  which  has  appeared  since  the 

German  edition  of  this  book  was  published,  has  been  specially 

gone  over  for  this  edition,  and  at  the  same  time  the  original 

text  has  been  carefully  revised. 

(Signed)      A.  B. 
Mannheim,  March,  1889. 


TRANSLATOR'S    PREFACE. 


In  introducing  the  English  edition  of  this  text-book,  ahnost 
nothing  remains  to  be  added  to  what  Professor  Bernthsen  has 
said  in  his  prefaces.  The  proof  slips  had  the  great  advantage 
of  being  carefully  revised  by  himself  after  my  own  corrections 
had  been  made,  which  should  ensure  the  accuracy  of  the  work. 
The  book  has  been  very  well  received  in  Germany,  and  will, 
I  trust,  be  found  equally  acceptable  here. 

GEORGE  M^GOWAN. 

Univebbitt  College  op  N.  Wales,  Bangor, 

Mayy  1889. 


TABLE    OF    CONTENTS. 

USTRODUCTIOX. 

Qaalitative  Ajutlysis,        .        _        ■         ,.-...  2 

QaantitatiTB  Analyaia, 4 

Cdlcnlatton  of  the  Formula, -        ■        -  7 

Determinfttion  of  Molecular  Weight, 8 

Uodes  ot  dBtenoiniiig  Vapour  Dennity,     ■        -  -        -        -  11 

PoljineriBin  and  Isomeriam,       .         -         - 13 

Chemical  ThOTriea, 13 

[planation  of  laomeriem;  detet-miDation  of  the  Constitution  □{  Or- 
ganic Compounds, -        ■  16 

Eational  Fortnukj, 19 

Homology,        ...         -         - 20 

Eadiclea, -        ■        -        -  22 

'CUasificatioa  of  Or)^nie  Compnutidn. 23 

Phyucal  Properties  of  Organic  Couipouniia,       ....        2J-32 

I»ttion«l  Diatillatioii, 27 

Ci*a9  L--METHAKE  BEItrVATIVES. 

I.  Htdbocaebosb, 3J 

A.  Saturated  Hjdrocacbons,  C,Hj,.ki    -----  34 
laomerism,  Nomenclature,  Constitutinn,           -          -         -  41 

B.  0lafinc8,0.Hi„, ^fi 

Appendii;  Hydrocarbons,  CjHi„.  with  cloaed  chain,       -  S2 

C  Acetylene  SerieB,C„Hs._6 S3 

D.  Hydrocarhona,  C,Hi._,andC,Hi„j,         ....  57 

I,  HALoro  Sl'BSTmmos  PBOortrra  ov  the  Hvdeocabbosh,        -  58 

A.  Of  the  Saturated  Hydrocarbons,        -----  58 

B.  Of  the  UnaatuTHtad  Hydcocarboua, 69 

m.  MOHAtOMlO  Aloohom, 70 

4.  Monatoinic  Saturated  Alcohols,  CHft-nOH,     -        -        -  71 

Primarj,  Seoondiry  and  Tertiary  AlcohoU,    -        •         -  1^ 


:  CONTENTS. 

Page 
B.  Monatomic  Unsaturated  Alcohols,  CaH2n-iOH,         -        -     86 

c.  Monatomic  Unsaturated  Alcohols,  CnHan-sOH,         -        -     88 

IV.  Dbbivatives  of  the  Alcohols,     -        -        -        -        -        -    88 

A.  Ethers  Proper  (Alcoholic  Ethers), 88 

B.  Thio-alcohols  and  -ethers, 93 

c.  Ethers  of  the  Alcohols  with  Inorganic  Acids,  and  their . 

Isomers, 97 

1.  Ethers  of  Nitric  Acid, 99 

2.  Derivatives  of  Nitrous  Acid : 

a.  Ethers, 100 

p.  Nitro-derivatives  of  the  Hydrocarbons,    -        -        -  100     ^ 

3.  Derivatives  of  Hyponitrous  Acid, 103 

4.  Ethers  of  the  Chlorine  Acids, 103   ^ 

6.  Ethers  of  Sulphuric  Acid, 103 

6.  Derivatives  of  Sulphurous  Acid : 

a.  Ethers, 104 

i3.  Sulphonic  Acids,     -        - 105 

7.  Ethers  of  Tri-  and  Polybasic  Acids,        ....  106 

8.  Alcoholic  Derivatives  of  Hydrocyanic  Acid : 

a.  Nitriles,  ------.-.  107 

/3.  Iso-nitriles, 109 

D.  Nitrogen  Bases  of  the  Alcohol  Kadicles,   -         -        -        -  110 

Appendix:  Hydrazines, 117 

E.  Compounds  of  Phosphorus,  Arsenic,  &c.,  with  Alcohol 

Radicles : 

1.  Phosphorus  Compounds, 119 

2.  Arsenic  Compounds, 122 

3.  Antimony,  Boron  and  Silicon  Compounds,       -         -         -  125 

F.  Metallic  Compounds  of  the  Alcohol  Radicles,    -         -         -  126 

v.  Aldehydes  and  Ketones, -  128 

A.  Aldehydes, 129 

B.  Ketones, 138 

VI.  Monobasic  Fatty  Acids,       -        -     • 146 

A.  Saturated  Acids,  CnHsnOz, 146 

M,   Unsaturated  Adda,  CnH2n_2  02i 164 


.  Acid  DKBiVATrVEs, 

A.  Ethers  o£  the  Fatty  Acida,         .... 

B,  Chloriitea  of  the  Acid  RudJcleB, 

C  Acid  AnhydrideB,      ..-.-- 
[).  Thio.acids  and  Thio-anhjdridesi,        ■        -        - 
K.  Amidea,  --.-...- 
p.  Amido-  and  Iraido-chloridea,    .... 

a.  Thiamides  and  Imido-thio^thats, 

H.  Amidines,        ....... 

AmldoidmBB, 

L    POLTATOMIO   AlCOHOLS,     ..--.. 

A.  Glyoola,  ...  .... 

Derivatives, 

AmineB  of  the  Diatomic  Alcohols,  - 

B.  Triatomic  Alcohols, 

Q.  Tetra-,  Fcnta.  and  Hexatomic  Alcoholn,    - 

Oxidation  Products  of  the  Poljatomio  Alcohols, 

L  Polyatomic  Monobasio  Acids,      .... 

A.  Diatomic  Monubfulc  Acids,       .... 

Amido- acids,         ...... 

Lactic  Acida,  -..-.. 

Appendin;  Lactones,         .... 

B.  Tri.  to  Hexatomic  Monohasie  Acids, 

p.  Aldehjde-alcohola, 

D.  Ketone-alcoholH,       .-...- 

E.  Diatoniic  Aldehydes,         ..... 

F.  Diatomic  Ketones, 

0.  Ketone- aldehydes,     ...... 

H.  Monohasie  Aldehyde-acide,       .... 

L   Monohasie  Ketotiio  Acids,         .... 

L  DiBASio' Acms, 

A,  Satnrated  Diatomic  Dihasic  Acids,   - 
A   UhsatoFateil  Diatomic  Dibasic  Acida, 


CONTENTS. 

Page 
c.  Triatomic  Dibasic  Acids, 238 

D.  Tetratomic  Dibasic  Acids, 240 

B.  Penta-  and  Hexatomic  Dibasic  Acids,       -        -        .        .  243 

p.  Dibasic  Ketonic  Acids, 244 

Tri-  to  Hexabasic  Acids, 245 

A.  Triatomic  Tribasic  Saturated  Acids,  ....  245 

B.  Unsaturated  Acids, 246 

0.  Tetratomic  Tribasic  Acids, 246 

D.  Pentatomic  Tribasic  Acids, 247 

E.  Tetra-,  Penta-  and  Hexabasic  Acids,         -        -        -        -  247 

Cyanogen  Compounds, 248 

A.  Cyanogen  and  Hydrocyanic  Acid, 249 

B.  Halogen  Compounds  of  Cyanogen, 257 

0.  Cyanic  and  Cyanuric  Acids, 257 

D.  Thiocyanic  Acid  and  its  Derivatives,         ....  261 

E.  Cyanamide  and  its  Derivatives, 264 

p.  Appendix :  Theoretical  Considerations  as  to  Isomerism  in 

the  Cyanogen  Group, 265 

Cabbonio  Acid  Derivatives, 266 

A.  Ethers  of  Carbonic  Acid, 267 

b.  Chlorides  of  Carbonic  Acid, 268 

c.  Amides  of  Carbonic  Acid,         .        -        -        .  .  269 

Ureides, 272,  279 

D.  Sulphur  Derivatives  of  Carbonic  Acid,      -        .        -        .  274 

E.  Amidines  of  Carbonic  Acid, 277 

p.  Uric  Acid  Group, 279 

Carbohydrates, 285 

A.  The  Grape  Sugar  Group, 285 

b.  The  Cane  Sugar  Group,    - 289 

0.  The  Cellulose  Group, 292 

Transition  to  the  Aromatic  Compounds,    ...        -  295 

A.  Tri-,  Tetra-  and  Penta-methylenes, 295 

B.  Furfurane,  Thiophene  and  Pyrrol, 297 

c.  Pjrazols  and  Thiazols, 302 


CLAsa  IL— BENZENE   DEEIVATIVE3. 


L  SnmciBT,  -       -        - 

Differoacea  between  the  Benzene  uid  Fattj  HydrcJcacbonB, 

iBonierio  Relatiuna,    ..,----- 

Proof  of  the  Equal  Value  of  the  Six  Hydrogen  Atoraa,  - 

Proofs,  that  for  every  H-atora  (a),  two  other  pairs  oE 

HjmmBtrically  linked  H-atome  exist,   -        -        -        - 

Constitution  of  Benzene,    ------- 

Detannination  of  Position, 

Special  Benzene  Fonoulie, 

I/awa  Goremiog  Snbatitution,    ---.-. 
Further  IsomeriBoi,   ------.- 

Oocuirencs  of  the  Benzene  Derivatives,       -         -         -         . 
Modea  of  Formation  o!  the  Benzene  Derivativee, 

[,  Benzbsb  Hvdrocaeboks, 

A.  Saturated  Hydrocarbone,       ..--.- 

B.  Unsaturated  Hjdroearbons,  .----. 

t.  Haloid  SDEairrunoN  Phoductb,       .        -        _        ■        . 
:.  NlTBO-SDBSTITDraOB  Pboducth, 


u  Primary  Mon 


-   342 


a  Secondary  Monaininea,  -...--  348 

C.  Tertiary  Monamines, 848 

D.  Quaternary  Bftses,         ..-..--  348 
B.  Diaminea,  Triaminea,  &o.,     --.---  349 

Aniline,     ---------  350 

Snbstitntion  Products  of  Aniline,    -  -         .         .  352 

Alkylated  Anilines,         --...-  333 

Di-  and  Tri-phenylamineB, 355 

Colour  Derivatives  of  Diphenylaniine,  .  -  .  355 
-Aiulides, 357 

HomologTiea  of  Aniline,  ....--  358 
Diamines,  Tria,miaea,  &c, '^^^ 


V  CONTENTS. 

Page 
XXI.   DiAZO-   AND  AZO-COMPOUNDS ;   HYDRAZINES,  -  -   860 

A.  Diazo-compounds, 360 

B.  Diazo-amido-compoundS| 364 

0.   Azo-compounds, 866 

1.  Azoxy -compounds, 366 

2.  Hydrazo-compounds, 867 

3.  Azo-compounds, 367 

4.  Amido-azo-  and  Oxy -azo-compounds,        -        -        -  368 
D.  Hydrazines, 372 

xxiL  Abomatic  Sulphonio  Aoids, 373 

LxiiL  Phenols, 376 

A.  Monatomic  Phenols, 378 

Phenol, 381 

Derivatives  of  Phenol, 382 

Homologues  of  Phenol, 387 

B.  Diatomic  Phenols, 388 

0.  Triatomic  Phenols, 391 

d.  Tetra-,  Penta-  and  Hexatomic  Phenols,  -        -        -  392 

B.  Qumones,     •• 392 

p.  Quinone  Chlor-imides, 395 

LxiY.  Abomatio  Alcohols,  Aldehtdes  and  Ketones,       -        -  895 

A.  Aromatic  Alcohols,       - 395 

b.  Aromatic  Aldehydes, 398 

0.  Aromatic  Ketones, 399 

D.  Oxy-alcohols  and  -aldehydes;  Ketone-alcohols,      -        -  400 

XXV.  Abomatio  Acids, 401 

Summary, 401 

A.  Monobasic  Aromatic  Acids, 409 

1.  Monatomic  Saturated  Acids, 412 

Benzoic  Acid, 412 

2.  Monatomic  Unsaturated  Acids,        -        -         -        -  417 

3.  Diatomic  Saturated  Phenolic  Acids,         -         -        -  419 

4.  Alcohol-acids  and  Ketone-acids,       .        -        -        -  422 

5.  Tri'  and  Polyatomic  Phenolic  Acids,        -         -         -  425 
6.  Unsaturated  Phenolic  Aclda, ^^"^ 


B.  Dibaaic  Acids, 

C.  Tri-  to  Hexabaaio  Aoida, 

'jxn.  Indigo  (ob  Ihdolb)  Ghohp, 
Indigo,      .        .        -        - 
Derivativea  t>£  Indigo, 
Indule.      .        -        -        . 

L   DlPHKNYL   GBOCP, 

Diphenjl, 

Diphenyl  DerivatiTea, 

L  DlFHBXTL-UETHANB  GHODF, 
Diphenyl-methane,    - 


Homologues  of  Diphenjl-methaue;  Fluurene,    -        -        -  ^ 

t>'>     TaiPHKSTL-METHAHE    GROUP,  -  -  -  -  -    i 

Triphetiyl-methaije,  -        -        - '. 

Triphenjl -methane  Dyea,  -------  i 

1.  Diamido-triptienyl-inethaiie  Group,  -        -        -        -  '. 

2.  RoBaniline  Group,  ■        -        -        -        -        -        -  4 

3.  TrioKy-triphenjl-methane  Group,    -  -  ' 

4.  Triphenyl'methaiie-carbosylicAcid(thBEofliiiGroap),  ' 

L  DlBBNZIL  Gboup, '. 

Appendis:  Diphenyl- diacetylene,       -        -        -        -        •  '. 


COMPOUNDS  WITH    CONDENSED   BENZENE   N'UCLEI. 

■usi.  Naphthalene  Gboop, 

Naphthalene, -        - 

Derivatives  of  Naphthalene,        ...... 

Homolc^uea ;  Carboxylio  AciJs,        -        -  -        - 

Appendix;  Indonaphthene;  Thioplitlieiic,  -         -         -         - 

:.   ABIHBACKNB  and   PaESANTHBKNK   Gbouph, 

A.  Anthracene,  .,.----- 

DBrivatives  of  Anthracene,  -        -         -        - 


CONTENTS. 

Page 
B.  Phenanthrene, 475 

0.  Hydrocarbons  of  more  Complex  Nature,         -        -        -  477 
Fluoranthene;  Pyrene;  Chrysene;  Retene,  -        -        -  477 


PYRIDINE  DERIVATIVES,  ALKALOIDS  AND  COMPOUNDS 

RELATED  TO  THEM. 

Greneral  Characters;  Summary, 478 

in.  Pyridine  GtBOUP, 481 

Pyridine, 485 

Homologues  of  Pyridine, 486 

Pyridine-carboxylic  Acids, -  487 

Hydro-derivatives, 488 

Appendix:  Pyrone  Group;  Ketines, 491 

LIV,  QUINOLINE  AND  AcBIDINE  GROUPS,      -  -  -  -  -   491 

A.  Quinoline  Group, 491 

Quinoline, 495 

Homologues;  Condensed  Quinolines,    -        -        -        -  496 

Quinoline-carboxylic  Acids, 497 

Bases  related  to  Quinoline, 497 

B.  Acridine  Group,    -        -     • 498 

c.  Alkaloids  of  Unknown  Constitution,     ...        -  499 

(a)  Opium  Bases, 499 

(6)  Cinchona  Bases, 600 

(c)  Strychnine  Bases, 500 

{d)  Solanine  Bases, 501 

D.  Phenazine  Group, 501 

Phenazine, 501 

Toluylene  Red, 502 

Safranines, 503 

Appendix:  Dyes  of  Unknown  Constitution,  -        -  503 

XV.  Tebpenes  AND  Camphobs, 504 

Ethereal  Oils, 504 

A,  Terpenes, 504 

B.    Camphors,    -         - ^^^ 


CONTENTS.  XVll 

Page 
XXXVI.  Besins;    Gluoosides;  Vbgetablk   Substances    (of   Un- 
known Constitution), 511 

A.  Kesins, 511 

B.  Gluoosides, 512 

0.   Vegetable  Substanoes  of  Unknown  Constitution,  •        -  513 

xxxYii.  Albuminous  Substances;  Animal  Chemistry,  -        •        -  514 

A.  Albumens, 515 

B.  Albumenoids, 517 

c.  Compounds  of  a  Higher  Order  than  Albumen,       -        -  519 
D.  Substances  produced  during  Metabolic  Processes,  -        -519 

INDEX. 521 


ADDITIONS  AND   COEEEOTIONS. 


ge  15,  lice  8  from  foot. 

In  case  the  above  aentenoe  ahould  have  the  effect  of  unintentional!; 
causing  the  readBr  to  undervalue  the  work  of  KMc  and  FTanliatid  on 
this  inbject,  I  would  (with  the  author's  concunence)  refer  him  for 
further  details  to  Kopp'l  "  EntVFickeloiig  der  Chemie  in  der  nauareo 
Zeit"  (MUneheu,  1873),  and  ioE.  v.  Meyer'i  "GeKihicht©  der  Chemie" 
(Leipzig,  1889).  —Teaks. 

^Bge  S6,  line  1. 

For     "  MmHYL-ETHYL-OAEBISOL  "     rend     "  MeTH  Yt- ETHYL- GARB  IK- 


fage  221,  after  line  4  from  foot: 

"Diaterebic  acid   is  unknown   in  the  tree  state.    lU  lactone  is 

EBEBio  ,&alD,  €7HiciO«  which  results  from  the  oxidation  of  oil  of  tur- 

mtine  with  chromic  acid  mixture." 
lagB  222,  aftsr  line  18  read: 

PraoBAOBuio  aldbhydb,  CHj-CO-OHO,  can  be  praparad  from 
isonitroso-aoetone,  just  aa  di-acatyl  can  from  methjl-isonitroso-acetoue. 
Jige  274,  foot  ot 

Tha  names  of  the  compounds  in  this  taLle  art  as  nearly  aa  possihle 
literal  translatioiu  from  the  German. 


rage2t 


■aijll  u 


pa  103,  after  line  9  read; 

tjj.    Csa,-CH  =  CH-C03H  CJli-CrC-COaH 

aaoaiDlo  acid,  PhBDjl-proplolic  acfd. 

Pfge  482,  after  line  23: 

"Piperidine  is  therefore  aleo  tarmad  Pentamethylene-imine." 


ABBEEVIATIONS. 


A.=Liebig's  Annalen  der  Chemie. 

Ann.  Chim.  Phys.=Annales  de  Chimie  et  de  Physique. 

Arch.  f.  Phy8.=Archiv  fur  Physiologie. 

B.  =  6erichte  der  Deutschen  Chemischen  Gresellschaft. 

Ch.  Soc.  J. = Journal  of  the  Chemical  Society. 

J.  pr.  Ch.= Journal  ftir  Praktische  Chemie. 

Monats.  f.  Chemie =Monatshefte  fur  Chemie  und  verwandte 
Tbeile  anderer  Wissenschaften. 

Z.  AnaL  Ch.=Zeitschrift  fur  Analytische  Chemie. 

(  °)  or  B.  Pt.= foiling  Point. 

[  T  or  M.  Pt.  =  Melting  Point. 


INTRODUCTION. 

Oiganic  Chemistry  is  the  Chemistry  of  the  Carbon  Com- 
pnunds.  Formerly  those  compounds  which  occur  in  the 
w^io,  i.e.  the  animal  and  vegetable,  worlds  were  classed 
under  Organic,  and  those  which  occur  in  the  mineral  world 
under  Inorganic  Chemistry,  the  first  to  adopt  this  arrangement 
hiring  been  ii^n^  in  his  Cours  de  Chimie  (1675).  After  the 
reoognition  of  the  fact  that  all  organic  substances  contain  car- 
bon, it  was  thought  that  the  difference  between  organic  and 
inorganic  compounds  could  be  explained  by  Baying  that  tlie 
latter  were  capable  of  preparation  in  the  laboratory,  but  the 
,  foTDiBr  only  in  the  organism,  under  the  influence  of  a  particular 
force,  the  life  force — ^vis  vitalis — (Beredius).  But  this  assump- 
tiwuras  rendered  iinteniible when  Wohlerin  1828 synthetically 
pfBpured  urea,  CONjHj,  a  typical  secretion  of  the  animal 
organism,  from  cyanic  acid  and  ammonia,  two  compounds 
which  wei'e   at   that   time   held   to   be   inorganic;   and  when, 

shortly  afterwards,  the  synthesis  of  acetic  acid,  by  the  use  of 

carbon,  sulphur,  chlorine,  water  and  zinc,  was  effected. 
Since  then  so  many  syntheses  of  this  kind  have  been  achieved 

as  to  prove  beyond  doubt  that  the  same  chemical  forces  act 

both  in  the  organic  and  inorganic  worlds. 
The  separation  of  the  two  branches,  Organic  and  Inorganic 

Chemistry,  from  each  other  is,  however,  still  retained  for  con- 
ience  sake,  although  the  original  reasons  for  this  sepai'ation, 
ich  at  the  time  was  more  or  less  a  matter  of  necessity,  have 
ice  been  found  to  be  erroneous.  In  consequence  of  the  great 
ibility  for  combination  which  carbon  possesses,  the  number 
orgajiic  compounds  h  extraordinarily  liirge,  ani  m  wtiftv  to 
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be  in  a  position  to  study  them,  it  is  necessary  to  have  a  know- 
ledge of  the  other  elements,  including  the  metals.  The  carbon 
compounds,  many  of  the  most  important  of  which  contain  only 
carbon  and  hydrogen,  or  carbon,  hydrogen,  and  oxygen,  also 
stand  in  a  closer  relationship  to  each  other  than  do  the  com- 
pounds of  the  other  elements.  Partly  upon  grounds  of  con- 
venience, carbon  itself  and  some  of  its  principal  compounds, 
such  as  carbonic  acid,  which  is  so  widely  distributed  in  the 
mineral  kingdom,  are  treated  of  under  Inorganic  Chemistry. 

One  must  not  confound  the  terms  "organic"  and  *' organized"  bodies;  the 
latter,  e.g,  leaves,  nerves  and  muscles,  and  also  the  life-processes  which  go 
on  in  the  interior  of  the  organism,  are  treated  of  under  Physiology  and 
Physiological  Chemistry. 

Constituents  of  the  Carbon  Compounds. 

Many  organic  substances  are  made  up  of  carbon  and  hydro- 
gen alone,  such  being  termed  hydrocarbons,  for  instance,  ethy- 
lene, benzine,  petroleum,  benzene,  naphthalene,  and  oil  of  tur- 
pentine; a  vast  number  consist  of  carbon,  hydrogen,  and  oxy- 
gen, for  instance,  wood  spirit,  alcohol,  glycerine,  aldehyde,  oil 
of  bitter  almonds,  formic  acid,  acetic  acid,  stearic  acid,  tartaric 
acid,  benzoic  acid,  carbolic  acid,  tannic  acid,  and  alizarin; 
many  (chiefly  basic)  compounds  contain  carbon,  hydrogen,  and 
nitrogen,  for  instance,  prussic  acid,  aniline,  and  coDine;  as 
examples  of  compounds  containing  carbon,  hydrogen,  nitrogen, 
and  oxygen,  may  be  taken  urea,  uric  acid,  indigo,  morphine, 
and  quinine.  In  addition  to  these,  sulphur,  chlorine,  bromine, 
iodine,  phosphorus,  and,  generally  speaking,  the  larger  number 
of  the  more  important  elements,  are  also  frequent  constituents 
of  the  carbon  compounds. 

Qualitative  Analysis  of  Organic  Compounds. 

The  presence  of  Carbon  in  a  compound  is  often  proved  by 

the  "carbonization"  of  the  latter,  e.g,  starch,  sugar,  <fec.,  when 

heated  in  a  glass  tube,  or  when  concentrated  sulphuric  acid  is 

poured  over  it.     Those  compounds  which,  boil  without  decom- 
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position  deposit  carbon  when  their  vapours  are  led  through  a 
«d-hot  tube.  But  the  best  proof  of  the  presence  of  carbon 
I  obtained  by  completely  oxidizing  the  organic  compound  by 
eitJier  heating  it  with  copper  oxide  (see  below),  or  by  leading 
'apour  over  the  glowing  oxide.  The  carbon  present  is  thus 
ttmvert-ed  into  carbon  dioxide,  a«d  the  Hydrogen  into  water. 
Nitrogen  in  organic  compounds  ia  recognized — 

(a)  Frequently  by  a  smell  resembling  that  of  burnt  hair, 
iBpon  heating  j 

(b)  Frequently  by  the  presence  of  red  fumes,  or  by  explosion, 
fnpon  heating  (nitro-  and  diazo-compounds) ; 

(c)  In  most  cases  by  the  liberation  of  ammonia  upon  heating 
with  Boda-Iime  (Wohler); 

(d)  In  all  cases  by  heating  with  potassium  (and  in  most 
ases   with  sodium),  and  testing  the  metalbc  cyanide  formed 

■ — (see  Cyanogen  Compounds)— by  dissolving  the  melted  mass  in 
'wat«r,  adding  alkali  and  a  few  drops  of  ferrous  sulphate  and 
ferric  chloride  solutions,  boiling,  and  saturating  with  hydro- 
.(diloric  acid  (formation  of  Prussian  Blue);  or  by  converting  the 
cyanide  into  sulphocyanide,  and  proving  the  presence  of  the 
latter  by  means  of  the  blood-red  coloration  with  ferric  chloride. 
[[See  tests  for  hydrocyanic  acid  {Lassaigne).^  If  sulphur  be 
ikewise  present,  iron  filings  must  be  added. 

Testing  for  the  Halogens.  Direct  addition  of  nitrate  of  silver 
is  usuaUy  not  practicable;  thus,  no  chlorine  can  be  detected 
0  chloroform  even  upon  boiling  it  with  AgNOj.  The  halogens 
ive  therefore  tested  for ; 

(a)  By  heating  the  substance  on  a  platinum  wire  with  cupric 
jnude  in  the  Bunsen  flame,  or  by  causing  the  vapour  of  the 

mponnd  to  pass  over  glowing  copper  gauze;  in  this  way 
^orine  gives  first  a  blue  and  then  a  green  flame  coloration, 
Knd  iodine  a  green  (BeUsiein); 

(b)  By  heating  the  substance  strongly  with  pure  lime,  and 
testing  the  haloid  calcium  salt  produced  with  silver  nitrate, 

(e)  By  heating  in  a  sealed  tube  with  fuming  nitric  acid  and 
liitrate  of  silver,  when  the  haloid  silver  salt  is  produced 
fCariow). 
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Testing  for  Sulphur: 

(a)  In  many  cases,  upon  boiling  with  an  alkaline  solution 
of  lead  oxide,  brown  sulphide  of  lead  is  formed  (e,g,  white  of 

(b)  By  heating  with  sodium,  and  testing  the  sodium  sulphide 
formed  with  water  upon  a  silver  coin  (black  stain);  or  by 
means  of  sodium  nitroprusside  (purple- violet  coloration), 
(Schonn); 

(c)  By  complete  oxidation  in  the  dry  way,  by  fusing  with 
potassium  hydrate  and  nitre,  or  by  heating  with  mercuric 
oxide  and  sodic  carbonate;  or  in  the  wet  way,  by  fuming  nitric 
acid  (Carms)y  and  testing  the  sulphuric  acid  produced,  by 
chloride  of  barium. 

In  like  manner  Phosphorus  is  converted  by  complete  oxida- 
tion into  phosphoric  acid;  or,  upon  heating  with  powdered 
magnesia,  and  moistening  the  resulting  mass  with  water,  the 
presence  of  phosphuretted  hydrogen  can  be  recognized  (Schonn), 

All  the  other  Elements  are  tested  for,  after  complete  oxida- 
tion of  the  compound  (preferably  by  Carinas  method),  in  the 
usual  way. 

Quantitative  Organic  or  Elementary  Analysis. 

A.  Estimation  of  Carbon  and  Hydrogen  (Combustion).  The 
substance  is  oxidized  by  heating  it  to  redness  with  cupric 
oxide  (Liebig),  or  with  other  substances  which  readily  give  up 
oxygen,  such  as  lead  chromate,  platinum  asbestos  and  oxygen 
(Kopfer)y  (fee,  in  a  tube  of  difficultly  fusible  glass,  which  is  open 
either  at  one  or  at  both  ends. 

The  carbon  dioxide,  thus  produced  \)j  the  oxidation  of  the 
carbon,  is  absorbed  by  a  moderately  concentrated  solution  of 
caustic  potash  contained  in  specially  shaped  bulbs  (Liebig^  Mohr^ 
Mitscherlich,  IFinJcler,  <fec.),  and  the  water,  produced  by  the  oxi- 
dation of  the  hydrogen,  in  a  U-shaped  chloride  of  calcium  tube, 
both  tubes  being  weighed  before  and  after  the  combustion.  If 
the  substance — (0*2  to  0*3  grm.) — ^is  solid,  it  is  either  mixed 
wi'tJi  fine  copper  oxide  {Liebig^  JBunseu,)  or  ij^\a.cftd  m  «.  ^otoi^l'a.m 


W  pUtinmn  boat  and  burnt  in  a,  stream  of  nir  or  osygen  (open 

inibe).    Liquids  are  weijj'lied  out  in  eniall  tliin  stsale^  irluss  bulbs. 

Vlien  nitrogen  is  present,  a.  spiral  of  copper-foil  ia  placed  in  the 

front  part  of  ttie  combustion  tube  and  heated  to  redness,  in 

order  to  reduce  any  oxides  of  nitrogen  which  may  be  formed 

the  subsec[uent  combustion.     In  the  presence  of  sulphur  or 

the  halogens,  lead  chromate,  which  liaa  been  fused  and  then 

■wdered,  ia  used  instead  of  copper  oxide,  so  as  to  convert  any 

01,  SOg,  &c.,  into  Pb  Clj,  Pb  80^,  Ac,  and  so  to  prevent  them 

from  passing  into  the  potash  solution.     When  only  halogens, 

irithont  sulphur,  are  present,  the  combustion  is  carried  out 

with  copper  oxide,  a  copper,  or  still  better  a  silver  spiral,  which 

kept  cool,  .being  placed  in  the  fore-part  of  the  tube  to  retain 


In  the  presence  of  alkalies  or  alkaline  earths  (which  would 
retain  carbon  dioxide),  lead  chromate  mixed  with  ^th  of  its 
treigfat  of  potassic  biclu'omate  is  used;  the  chromic  acid  then 
apels  all  the  carbonic  acid. 

Explosive  compounds  must  be  burnt  in  a  vacuum.  From 
the  weights  of  carbon  dioxide  and  water  found,  the  percentages 
of  O  and  H  are  readUy  calculated : 

I  C  =  ^CO,;  H  =  5HjO. 

I  B.  Estimation  of  Nitrogen.  This  estimation  ia  either  rela- 
Ktve  or  absolute.  In  the  former  case  the  proportion  between 
Bhe  nitrogen  and  the  carbonic  acid  evolved  b  determined 
■((Xwiij,  Bumen);  in  the  hitter  the  nitrogen  is  either  estimated 
■ks  such  Tolumetrically,  or  as  ammonia. 

V  The  conversion  into  Ammonia  is  effected  by  heating  the 
MBbstance  strongly  with  soda-lime  {fFill,  Varrentrap),  or  by 
Breating  it  with  strong  sulphuric  acid  and  permanganate  of 
Eptash  (Kjddakl;  Z.  Anal.  Ch.  28.  366;  also  B,  19,  R.  852). 
HFhe  ammonia  is  then  either  titrated  directly,  or  transformed 
Btato  the  double  cliloride  of  ammonium  and  platinum  (NH^  Cl}^ 
^tetClj.  which  is  then  weighed,  or  else  ignited,  and  the  weight 
^gf  CA0  rasi'i/aaJ  luetalJio platiiiam  noted. 
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In  tlie  Volumetric  Estimation  of  Nitrogen  the  substance  is 
mixed  with  copper  oxide,  a  copper  spiral  being  also  used,  and 
the  conibuation  is  carried  out  in  the  usual  way,  but  in  a  stream 
of  carbonic  acid;  the  CO^  is  either  generated  from  magneBite 
in  the  tube  itself,  or  led  through  it.  The  nitrogen  is  collected 
over  mercury  ajid  aqueous  caustic  potash  (Dumas),  or  directly 
over  potash  (Ztdkowsky,  Schtcarz,  Seltt^',  &c.). 

Its  percentage  is  got  from  the  formula — 

N  (per  »mt.)-V  •  ~,  •  '^  ■  0'001256  •  ™ 

where  V  =  the  volume  of  the  nitrogen, 

i  —  the  barometric  pressure  .    . 

(=the  temperature, 
wi  =  the  tension  of  the  water  vapour, 

0'001256  =  theweightof  ft  normal  cubic  centimeter  of  nitrogen, 
and  y=the  weight  of  the  substance  taken 

The  volumetric  method  is  available  in  every  case,  but  the 
other  (ammonia)  method  not  always;  not,  for  instance,  in  the 
case  of  nitro-compounds,  of  many  organic  bases,  &c.,  the  nitro- 
gen of  these  not  being  completely  transformed  into  ammonia 
upon  heating  with  soda-lime. 

For  the  eimultaneoua  determination  of  carbon,  hydrogien,  and  nitrc^n, 
the  combustion  must  be  carried  on  [n  a  Btreajn  of  pure  oiygen,  tlie  mlxtnie 
of  gsaes  escaping  Erom  the  potash  bulbs  being  eoUeoted  over  a  solution 
of  chromouB  uliloride,  which  absorbs  the  oxygen  but  net  tbe  nitrogen 
(B.  le.  B.  710). 

C.  EBtimation  of  Sulphnr  and  PhosphornB.  The  Sulphur 
is  estimated  as  sulphuric  acid,  being  converted  into  tiiis — 

(a)  in  the  wet  way,  by  heating  the  substance  with  fuming 
nitric  acid  to  1 50°-250°  in  a  sealed  tube  (Oarius),  or  in  a  mixed 
stream  of  nitric  oxide  and  oxygen  or  nitric  acid  vapour  in  a 
combustion  tube  {Claesson); 

(b)  in  the  dry  way — (and  this  method  is  only  available  in 
ibe  case  of  the  less  volatile  compounds) — by  fusing  the  Hub- 

mtanoe  with  potassic  hydrate   and  nitre,  ot  -wW^i  ao4a.  Kci 
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I  chlorate  or  chromate  of  potash,  also  by  lieatitig  with  soila  and 
nerouric  oxide,  or  with  lime  in  a  stream  of  oxygen, 

(e)  by  burning  in  a  stream  of  oxjgen  and  collecting  the  SO,  formcHl  in  . 
hydrochloria  acid  cont;aizung  bromine  (hS^uct). 

Phosphoius  is  estimated  by  analogous  methods. 

D.  Estimation  of  the  Halogens.  Here  also  the  organic  sub- 
stance is  completely  decomposed^  , 

{a)  after  Carius,  as  above,  in  a  sealed  tube,  with  addition  of 
silver  nitrate,  by  which  means  the  halogen  is  converted  into 
its  silver  salt; 

(b)  by  heating  the  compound  strongly  with  pure  lime  in  a 
hard  glass  tube,  or  in  two  crutiblea,  one  of  which  is  inverted 
in  the  otlier,  or  with  sodic  carbonate  and  nitre  in  a  tube.  The 
chloride  formed  is  precipitated  with  silver  nitrate  in  the  usual 

(c)  by  the  action  of  nascent  hydrogen  (sodium  amalgam),  the 
lialogen  in  the  organic  substance  can  frequently  be  converted 
into  its  hydrogen  compound  {Kebdi). 

E.  Inorganic  Bases  and  Acids,  contained  in  organic  salts, 
can  often  be  estimated  directly  by  the  usual  methods. 

F.  Oxygen  is  almost  invariabl;  determined  by  difference;  direct  methods 
of  eatimation  have  been  proposed  b;  Saamkauer,  Ladenburg,  Siromeyer, 
and  others. 

The  limit  of  error  in  an  estimation  of  carbon  is  about  0'05 
to  0-1  p.c,  in  one  of  hydrogen  +  0-1  to  0-2  p.c,  while  in  the 
volumetric  estimation  of  nitrogen  several  tenths  p.c.  too  much 
are  easily  found. 

The  OaJculation  of  the  Formula. 

The  same  principle  applies  here  as  in  the  case  of  inorganic 
compounds,  ue.  the  percentage  numbers  found  are  divided  by 
the  atomic  weights  of  the  respective  elements,  the  relative  pro- 
portions of  the  quotients  obtained  being  expressed  in  whole 
numbers.  For  instance,  acetic  acid  being  found  to  contain 
iO-U  p.a.  oarboa,  6-80 p.c.  hydrogen,  and,  ccinaBi^uenlVj,^^'^ 
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p.c.  oxygen,  the  quotients  are  to  each  other  as  3*34  :  6*80  :  3*32 
=  1 ;  2 :1.  The  simplest  analysis-formula  of  acetic  acid  "vrould 
therefore  be  CHgO.  Sometimes  figures  are  obtained  which 
correspond  with  equal  nearness  to  different  formulae,  between 
which  it  is  therefore  impossible,  without  further  data,  to  choose. 

For  instance,  a  sample  of  naphthalene  yields  on  analysis  93*70  p.c.  carbon 
and  6*30  p.c.  hydrogen;  the  quotient  proportion  here  is  7*81  to  6*30  = 
1'239  : 1,  which  corresponds  equally  well  with  the  numhers  5  :  4  or  11  : 9. 
The  formula  C5H4  requires  93*75  p.c.  carbon  and  6*25  p.c.  hydrogen,  and 
the  formula  CnHg,  93*62  p.c.  carbon  and  6*38  p.c.  hydrogen,  the  deviations 
from  the  actual  numbers  foimd  being  in  both  cases  within  the  limits  of 
experimental  error.  Therefore  other  considerations  must  be  taken  into 
account  here,  in  order  to  decide  between  the  two  formulse. 

Even  in  simple  cases,  such  as  that  of  acetic  acid,  the  formula 
found  (CHgO)  is  not  to  be  taken  as  the  molecular  formula 
without  further  proof;  it  only  expresses  the  atomic  number 
proportions.  The  molecular  formula  has  to  be  determined 
according  to  special  principles. 

Determination  of  Molecular  Weight. 

Our  chemical  formulae  {e.g,  CHgO)  express  not  merely  a 
percentage  relation,  but  at  the  same  time  the  smallest  quantity 
of  the  compound  which  is  capable  of  existing  as  such,  Le,  a 
molecule  of  it.  This  molecule  is  ideally  no  longer  divisible  by 
mechanical  means,  but  only  by  chemical,  and  then  into  its  con- 
stituent atoms.  If  the  formula  CHgO  were  the  correct  one  for 
acetic  acid,  then  the  amount  of  oxygen  (or  carbon)  contained  in 
a  molecule  would  be  indivisible,  and  that  of  hydrogen  divisible 
only  by  2.  Since,  however,  it  has  been  observed  that  one-fourth 
of  the  total  hydrogen  in  acetic  acid  is  replaceable,  e.g,  by  a 
metal,  with  the  formation  of  a  salt,  it  is  obvious  that  the  quan- 
tity of  hydrogen  in  the  molecule  must  be  divisible  by  4,  and  so 
the  formula  must  contain  at  least  4  atoms  of  hydrogen,  and 
must  therefore  be  CgH^Og,  or  some  multiple  of  it.  This  is,  in 
fact,  the  case.  Acetate  of  silver  contains  64*67  p.c.  silver,  and 
therefore  35*33  p.c.  of  the  acetic  acid  radicle;  or,  to  1  atom  of 
silver  =108  parts  by  weight,  there  are  59  parts  by  weight  of 
the  acid  radicle.    This  59,  together  witb  1  atom  oi\i7^TO^<ew=\, 


makes  the  molecular  weight  of  acetic  acid  GO,  =  2  x  30, 
=  2xCH„0,  =  02H^0g. 

This  is  a  detenninatioo  of  molecular  weight  hy  chemical 
means.  Such  detenni nations  are  carried  out  in  the  case  of 
acids  generally  by  means  of  their  silver  salts,  which  are  usually 
constituted  normally,  are  easy  to  purify,  are  almost  always 
free  from  water  of  crystallization,  and  are  readily  analysed. 
One  only  requires  to  know  here  whether  the  acid  is  mono-  or 
polybasic.  In  the  case  of  a  di-j  tri-,  ic,  basic  acid,  the  alxive 
calculation  must  be  made  with  reference  to  2,  3,  &c.,  atoms  of 
silver,  whereas  acetic  acid — being  monobasic- — contains  only 
one  replaceable  atom  of  hydrogen,  which  ia  therefore  exchanged 
tor  one  atom  of  silver.  Conaequently,  its  formula  cannot  be 
B.  multiple  of  C„H,Oy 

In  the  determination  of  the  molecular  weight  of  Bases,  their 
platinum  salts  are  similarly  made  use  of,  these  being  almost 
always  constituted  on  the  type  of  platinum-ammonium  chloride; 
(NHjCl)^,  PtCl,:  i.e.  they  contain  two  molecules  of  hydro- 
chlori-C  acid  and  one  molecule  plntinic  chloride  to  every  two 
molecules  of  a  mono-acid,  or  to  one  molecule  of  a  di-acid  base. 

To  determine  the  molecular  weight  of  Indifferent  Com- 
ponnda,  derivatives  mnat  be  prepared  and  examined  for  the 
proportion  of  the  total  hydrogen  which  is  replaceable,  e.g.,  by 
chlorine.  For  example,  by  the  action  of  chlorine  upon  naph- 
thalene, there  is  first  formed  the  substance  monochloro-naph- 
thalene,  which  contains  73'8  percent.  C,  4*3  per  cent. H,  and  21 '9 
per  cent.  CI,  these  numbers  giving  the  formula  CiqE-CI.  In  the 
same  way  benzene  yields  the  compound  C^HjCl.  In  both 
these  cases  the  halogen  acts  by  replacing  hydrogen,  and  at 
least  one  atom  of  the  latter  in  the  molecule  must  ho  replaced, 
since  fractions  of  an  atom  are  necessarily  out  of  the  question. 
If,  then,  the  compound  obtained  has  the  formida  C,nHjCl,  it 
follows  that  ith  of  the  H  present  has  been  replaced  by  CI, 
and  there  must  consequently  be  8,  8  x  2,  or  8  x  3,  &c.,  atoms 
of  hydrogen  in  the  compound,  and  likewise  10  atoms,  or  some 
multiple  of  10,  of  carbon.  But  a  multiple  of  8  or  IQ  ma-Y  ^^ 
BO  coBipouudB  have  lieen  o\iBer\e4'w\ii'ilB."«w 
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indicate  the  replacement  of  yV-Ii  "f  the  total  hydrogen.  This 
leads  to  the  formula  CidHg  for  naphthalene,  the  other  posaihle 
formula  got  hy  analysia,  viz.,  C[iHg  (see  p.  7),  being  now 
untenable.     In  a  similar  way  the  formula  of  benzene  is  found 

to    be    CgHf;. 

These  molecular  weight  determinations  by  chemical  methods 
find  their  strongest  support  in 

Determinations  of  molecular  weight  by  physical  methods. 
According  to  the  law  of  Avogadro  (1811),  and  Amjihre  (1814), 
all  gases  under  similar  conditions,  i.e.  in  the  perfectly  gaseous 
state  and  under  the  same  temperature  and  pressure,  contain  in 
equal  volumes  equal  numbers  of  molecules.  It  follows  from 
this  that  the  weights  of  equal  volumes  of  different  gases  are 
proportional  to  the  weights  of  equal  numbers  of  their  con*, 
stituent  molecules,  in  other  words,  the  molecular  weight  ia 
proportional  to  the  specific  gravity  of  the  gas.  Thus,  if  M,  be 
the  molecular  weight  of  any  given  substance  required,  Mh 
that  of  hydrogen,  S  the  specific  gravity  of  the  former  as  com- 
pared with  air,  and  0'06926  the  corresponding  specific  gravity 
of  the  latter,  then 

M.:Ma  =  S:0-06926. 
And  since  M^  =  2, 

"•-M-r^  ■'''■<''■ 

To  determine,  therefore,  the  molecular  weight  of  a  gas,  one 
has  only  to  ftnd  its  specific  gravity,  (air=  1),  and  to  multiply 
this  by  28-87. 

To  take  an  example,  the  specific  gravity  of  acetic  acid 
vapour  being  found  to  be  2'078,  then 

M  =  2-078  X  28'87-60, 
and  the  molecular  formula  is  C^H^0.2  =  &0. 

In  like  manner,  the  specific  gravity  of  naphthalene  vapour 
is  4'33  and  the  molecular  weight  128  =  Cn|Hg;  the  specific 
gravity  of  benzene  vapour  3'702  and  the  molecular  weight 
78  =  Ci,Ha. 

li  is  essential  to  the  application  of  this  method  that  tha 
iewfierature  of  the  vapour  shall  be  ao  iiigt  a.V»ove  &ft  \i(ffisB% 
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temperatare  of  the  substance  that  the  latter  ia  in  the  perfectly 

gaseous  state,  remaining  at  the  same  time  undeconi posed. 
Another  mode  of  determining  molecular  weight  by  physical 

methods  has  been  devised  by  RacuU  (Ann.  Chem.  Phya.  1883). 

It  depends  upon  the  measurement  of  the  lowering  of  the  soUdi- 
fying  temperature  of  a  solvent,  e.g.  water,  benzene,  or  glacial 
acetic  acid,  which  is  produced  by  a  given  weight  of  the  sub- 
stance dissolved ;  from  this  value,  which  ia  a  function  of  the 
molecular  weight  of  the  substance  in  question,  the  latter  is 
deduced.  This  method  is  of  value,  since  it  allows  of  the 
detennination  by  physical  means  of  the  molecular  weight  of 
mibatances  which  cannot  be  vaporized  without  decomposi- 
tion. {Cf.  V.  Meyer,  E.  21,  536;  also  B.  21,  701,  767,  860, 
B.  165,  etc) 


Appendix :  Determination  of  the  Specific  Gravity 
of  Gases  and  Vapours.    (Vapour  Density.) 

A,  By  estimating  the  weight  of  a  given  volume  of  the  gas 
or  vapour. 

1.  Bun^at'a  method.  Three  glass  balloons  of  approxiiaiLtely  equal 
rijle  and  weight  are  nBed,  the  first  boing  pumped  empty  of  air,  and  the 
BecoDd  and  third  filled  respectively  with  air  Ltnd  with  the  gas  in  question 
In  a  thermostat  at  a  constant  temperature.     The  reepeuttve  weights  of 

the  balloons  being  pj,  p^  andpj,  the  speciflo  gravity  =  ^^^' 
Pi- Pi 

2.  Dumas'  method.  10  to  20  grm.  of  the  substance  are  heated  to 
boiling  in  a  round  glass  balloon  with,  a  narrow  neck,  immerHed,  e.g.,  in 
Ml  oil-bath.  After  the  temperature  has  remained  conetaiit  for  a  con- 
iMerable  time,  tlie  point  of  the  neck  is  closed  by  the  blowpipe,  and  the 
balloon  weighed  ;  it  is  then  opened  over  mercury  sjid  weighed  agiiin. 

Both  of  the  above  methods  require  a  large  quantity  of  material  and, 
farther,  if  the  substance  be  Bnt  absolutely  pure,  the  laat-mentioned 
method  will  be  liable  to  the  error  caused  by  the  va.pour  of  the  more 
difhcnltly  TolatOe  constituent  remaining  in  large  quantity  in  the  balloon. 
Troott  and  MaiUrftuHle  have  modified  the  method  for  higher  tempern- 
tarsB,  using  a  porcelain  balloon. 

B.  By  estimating  the  volume  of  vapour  from  a,  gWen  ^S&\^tAl 
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1* .  Oay  I/as6ac^8  method.  The  substance,  weighed  in  a  small  bulb, 
is  introduced  into  a  glass  cylinder  filled  with  mercury.  This  cylinder 
is  surrounded  by  a  glass  mantle,  the  lower  end  of  which  also  dips  into 
mercury,  and  which  is  filled  with  a  hot  liquid,  such  as  water,  aniline, 
etc.  The  whole  apparatus  is  warmed  and,  after  the  substance  in 
question  has  been  completely  vaporized,  its  volume  at  the  temperature 
f  is  determined.  ^ 

l^  A,  W,  Hofnmn'rCs  method.     The  substance  is  introduced 

into  a  barometer  tube  surrounded  by  a  wider  cylinder,  through 

which  the  vapour  of  a  suitable  heating  liquid  (water,  aniline, 

diphenylamine,  etc.)  is  led.      The  cylinder  can  itself  act  as  a 

reflux  condenser. 

One  advantage  of  this  method  is  that,  by  the  use  of  a  partial  or  even 
complete  vacuum,  the  boiling  point  of  the  substance  in  question  is 
lowered,  and  thus  the  vapour  density  of  compounds  which  decompose 
on  being  gasified  under  the  ordinary  atmospheric  pressure  can  be 
determined. 

2.  V,  Meyer's  air-displacement  method.  The  small  tube 
containing  the  substance  is  dropped  into  a  perpendicular  glass 
tube,  the  lower  and  wider  part  of  which  is  cylindrically  shaped 
and  sealed.  This  is  kept  warm  at  a  constant  temperature, 
being  surrounded  by  a  long  glass  mantle  in  which  a  suitable 
liquid  boils,  the  upper  part  of  the  mantle  itself  serving  for  the 
condensation  of  the  vapour.  The  displaced  air  alone  escapes, 
and  is  collected  over  water  and  measured.  No  determination, 
therefore,  of  the  temperature  of  the  vapour  of  the  substance  in 
question  is  required.  Both  of  the  above  methods  require  only 
up  to  0*1  grm.  substance.     In  all  cases 

V 

where  ^=the  weight  of  the  vapour,  and  v  =  the  weight  of  an 

equal  volume  of  air. 
Thus  by  the  air-displacement  method 

8=-.. ^-S- 


^{b-w)      273    ,    1 
760      273 +  t    773 


where  ?i=the  number  of  cubic  centimetres  of  displaced  air,    1   c.c. 
of  air  weighing—-  of  a  gramme.      The  other  figures  have  the  same 

iBGotung  as  on  p,  6, 
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Polymerism  and  Isomerism. 

The  determination  of  molecular  weight  is  of  the  first  im- 
jiortancB,  because  different  substances  very  frequently  have  the 
Bame  percentage  composition  and  therefore  the  isame  empirical 
analysis-foTmnla,  and  yet  are  totally  distinct  from  one  another. 
This  difference  is  often  found  to  arise  from  difference  in  the 
raze  of  the  molecule.  Thus  formic  aldehyde,  CH^O,  acetic 
scid,  CjHjOj,  lactic  acid,  CgHnOg,  and  grape  sugar,  CoHijOg. 
have  all  the  same  percentage  composition,  as  have  also  ethy- 
lene, CjH^,  propylene,  CjHg,  and  butylene,  C,Hg.  Compounds 
standing  in  such  relation  to  each  other  are  termed  polymerB. 
Very  frequently,  however,  substances  which  are  totally  dis- 
tinct from  each  other  possess  both  the  same  percentage  com- 
|>osition  and  the  same  molecular  weight ;  that  is  to  say,  these 
substances  are  made  up  not  only  of  the  same  atoms,  but  also 
of  au  equal  number  of  these  atoms ;  such  instances  are  termed 
iBOmers  or  metamers.  (Bee  Ethers.)  Thus,  for  instance, 
alcohol  and  methyl  ether,  the  latter  of  which  is 
obtained  by  heating  methyl  alcohol  with  slilphuric  acid,  have 
i-one  and  the  same  molecular  formula,  CgHnO. 

The  striking  phenomenon  of  isomerism  is  oidy  explicable 
the  assumption  that  the  grouping  of  the  cotistituent  atoms 
the  molecule  is  different  in  the  two  cases.  This  difference  in 
rouping  may  be  considered  as  being  due  to  a  difference  in  the 
ing  powers  of  the  atoms,  as  is  indicated  by  the  dissimilar 
Lemical  behaviour  of  isomers,  and  explained  by  the  theory  of 
ralency. 


Chemical  Theories ;  the  Theory  of  Valency. 

After  the  fall  of  the  Eleetro-Chemicttl  theory,  unitary  formulae — in 

contradiBtinotion  to  the  earlier  dnaliatic  formulae — were  much  aaeil ; 

thus  alcohol  hod  the  formula  C^HeOj  (uBUjg  the  old  equiv&leut  weights). 

The  Qecessitf  for  comparing  Bubatanees  of  complicated  composition  with 

_  simpler  onea,  takeu  as  "  TypcB,"  had  alreadj  repeatedly  led  to  the  pro- 

!>DndiBg  of  new  theories  for  representing  the  constitution  of  organic 

mpomidB,    e.n.    Uie  dder   I^pe  theory  (DumaK),   D.nd  thit  Nuclena 

M»y  (Jiaareiil), 
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This  obtainod  a  firmer  basis  through  Gfrliardi's  TLoory  of  Typm, 
which  received  support  more  CBpocially  from  the  discovery  of  the  acid 
anhydrideB,  the  proper  interpretation  of  the  formulae  of  the  ethera  [see  ' 
thfiBe),  and  the  diHcovery  of  ethylamine  and  other  ammonia  boaea  by 
Gerhardl  (1851|,  Wmanuon  (1850),  Hofmann  (1849  and  1850),  and 
Wutiz  (1849).  All  compounda,  inorganic  as  well  as  organic,  were  in  this 
way  compared  with  simpler  inorganic  aubstajicoa  talteo  as  "  Types,"  of 
which  UtrhnTdt  named  tour,  viz,— 

1}        S        i}°       f}" 

The  first  two  of  those  really  belong  to  the  same  type,    Thua  the  fol- 
lowing formulae,  for  example,  were  arrived  at — 

HI  K\  CsH^l  aH,01 

CI/  01/  CI  /  CI     / 

Fotoseiam  chloride.     Ethyl  chloride.       Acetyl  obloride. 

H}„  |}„  ™.}0  <=.^}0  f^Qo 

Potassium  hydrate.  Nitric  acid.      Alcohol.  Acetic  acid. 

K/*'  NOJ"  CjHJ"  CjH,0/" 

Fotassinm  oxide.  Nitric  anhydride.    Ether.  Acetic  anhydride. 
HI                                                             C,H,  )  C,H30l 

H  ^N  H   }  N  H      f  N 

hJ  h  1  h    i 

Ethylamine.  Acetauiide. 
etc.,  eta.  Organic  compounds  could  thus,  like  inorganic,  be  referred  to 
inorganic  types  by  asauroing  in  them  the  presence  of  Radicles  {e.g.  ethyl, 
CjHj;  acetyl,  CjHjO,  etc.),  i.e.  of  groups  of  atoms  which  play  a  rflle 
analogons  to  that  of  an  element,  and  which  can  be  transferred  by  double 
decomposition  from  one  compound  to  another.  Thus  ethyl  cliloride, 
C,H(C1,  alcohol,  CjHoO,  ethylamine,  C,HjN,  ether,  C,H,„0,  etc.,  reooived 
the  same  radicle  CjH„  ethyl,  this  showing  the  close  relationship 
existing  between  these  compounds,  a  relationship  which  now  found 
in  tbil  way  expression  in  writing. 

SuSphutio  acid,  HjSOj,  was  derived  from  the  double  water  type,  thus — 

And  chloroform,  CHClj,  and  glycerin,  CsH^Os,  from  the  triple  hydro- 
obloric  acid  and  water  types — 

CI,)  CI,  /'  hJ"*»  Hs    /"" 

asBomptioa  teing  made  that  the  radicles  I^CsHslA^^^iY  A'^^'^''^'™*- 
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(C]Eg)"'  could  replace  a  number  of  liydrogea  aUiaiB  correspon^Iing  to 
the  number  of  aoconta  (')  marked  upon  tliem,  i.e.  that  tliey  were  mon- 
atonjie,  diatomic,  etc.  To  the  above  throe  types  Kikvli  afttrwanis 
added.  &  fourth,  of  especial  importtuice  as  regards  the  carbou  com- 
pounds, viz. — 


-C,  Marah  gas. 


It  wiw  then  foaud  that  macy  componnda  could  be  referred  ec)UaUy  well 
le  or  another  of  theee  types,  methylajnine,  for  iu stance,  eithortoCHf 


Tho  assumption,   already  mentioned,  of  the  Sitomic  groupe  (radicles) 

"lich   in   thoBe  types  replaced  hydrogen,   led  further  to  more  exact 

vestigiitionB  of  the  chemical  value,  i.e.  the  replaceable  value,  of  those 

groups  OS  compared  with  that  of  hydrogen.     In  this  way  one  learnt  to 

'  distiuguish  between  mono-,  di-,  tri-,  eto.,  valent  groups,  and,  generally 

speaking,  to  pay  more  attention  to  equivalent  proportions.     Out  of  this 

there  grew  the  conviction  that  a  more  profound  idea  (the  "Type  idea") 

lay  at  the  root  of  the  typea  Hamselvea — viz.,  that  there  are  mono-, 

di-,  tri-,  and  tetravalent,  etc.,  elements,  which  poaaesa  a  correapondiog 

replacing  or  combining  value  aa  regards  hydrogen  [Kekidt,   1S57  and 

1858,  A.  104,  129,  and  lOS,  129),  and  that  therefore  H  is  monovalent, 

O  divalent,  N  trivalent,  C  tctravalent,  and  so  ou. 

The  principles  of  the  theory  of  Valency  or  theory  of  Chemical  Values 
are  in  this  book  assumed  to  have  been  already  learnt  from  inorganio 
chemistry. 

With  the  Betting  up  of  the  type  CH^  by  KeivU,  and  the  knowledge  of 
the  tetravalent  natiu^  of  carbon  accompanying  this,  were  connected  tho 
endeavours  of  Kotbe  to  derive  the  constitution  of  organic  compounds 
from  carhoQic  acid,  (according  to  Kolbe  CaOj,  C=6,  0  =  8),  bat  from  an 
□completo  grasp  of  the  subject  of  equivalent  proportions  a  clear  insight 
nto  this  waa  not  arrived  at.      (See  noto  on  page  xix. ) 

The  question  of  the  valency  of  elements,  a  point  which  it  is 
)ften  difficult  to  decide  in  inorganic  chemistry,  is  infinitely 
easier  of  determination  in  the  case  of  the  carbon  compounds, 
because  carbon  shows  itself  tetravalent  towards  hydrogen  as 
well  as  towards  chlorine  and  oxygen.  Since  now  hydrogen  as 
the  unit  of  valency  is  monovalent,  and,  further,  since  the 
■diralence  of  oxygen  cannot  reasonably  be  doubted.,  tVa  N^e'Q.'C^ 
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of  the  three  "  organic  "  elem^ts  H,  0,  and  C  may  be  considered 
as  resting  upon  a  sure  basis,  as  may  also  the  conclusions  drawn 
therefrom,  and  this  all  the  more  since  the  most  important 
carbon  compounds  are  made  up  of  those  three  elements. 

Explanation  of  Isomerism ;  Determination  of  the 
Constitution  of  Organic  Oompoimds. 

The  theory  of  valency  makes  the  phenomenon  of  Isomerism 
easy  to  understand.  That  this  depends  upon  the  different 
grouping  or  combination  of  the  atoms  in  the  molecule  follows 
from  the  fact  that  isomeric  bodies,  upon  chemical  transforma- 
tion, break  up  into  or  exchange  perfectly  different  atomic 
groups  or  atoms. 

We  now  arrive  at  the  task  of  determining  the  different  modes 
of  combination  of  the  atoms  in  the  molecule,  ie.,  the  chemical 
constitution  of  the  carbon  compounds. 

This  is  in  every  case  only  possible  and  permissible  for  com- 
pounds whose  chemical  behaviour  in  the  most  dissimilar 
directions  is  known. 

-  The  points  of  view  which  determine  this  can  best  be 
explained  by  giving  an  example.  When  an  ethereal  solution 
of  methyl  iodide,  CH3I,  is  treated  with  sodium,  there  is  first 
formed  the  group  CH3,  methyl,  which— from  carbon  being 
tetravalent — must  have  a  "  free  affinity  "  (*) — 

/H 

*_C— H 

\H 

The  determination  of  the  molecular  weight  of  the  gaseous 
compound  ethane,  formerly  called  methyl,  which  is  thus  pro- 
duced, shows  however  that  it  has  the  formula  C2Hg,(  =  2CH3). 
The  two  methyl  groups  have  therefore  combined  together,  and 
it  cannot  well  be  doubted  that  this  combination  is  effected  by 
their  free  affinities.  Ethane  therefore  receives  the  constitu- 
tional formula — 

C=H3 
H3C-CH3;=  I  ; 


r 


DETERMJNATiON  OF  CONSTITUTION. 


CH.  ^^   /CH,\ 


1 


This  ethane  can  also  be  prepared  from  common  alcflhoi.  By  the 
'  action  of  a  halogen-hydride  upon  alcohol,  one  atom  of  oxygon 
and  one  of  hydrogen  together  are  exchanged  for  an  atom  of 
;  halogen  with  formation,  for  example,  of  CgH^Cl,  ethyl 
chloride ;  then  nascent  hydrogen,  acting  upon  this  chloride, 
replaces  the  halogen,  thus, 

CaHgO  +  HCl  =  CaH^Cl  +  H^O  ; 
CaH6Cl  +  H2  =  C2Hg  +  HCl. 
Conversely,  by  treating  ethane  with  chlorine,  ethyl  chloride, 
CgHjCl,  can  be  formed,  and  from  this  latter  compound, 
alcohoL  (See  Special  Part.)  Thua,  one  atom  of  oxygen  and 
one  of  hydrogen  have  here  replaced  one  atom  of  chlorine, 
from  which  it  follows  that  the  two  first-named  together  form 
■  the  monovalent  residue — (0 — H),  hydroxyl.  It  is  also 
,  «vident  from  this  reaction  that  one  atom  of  hydrogen  in 
,  alcohol  behaves  dilferently  to  the  other  five,  and  must  con- 
sequently be  differently  bound.  Thus  it  is,  for  instance,  re- 
placeable by  metals,  acid  radicles,  etc.,  and,  when  the  oxygen 
is  removed  from  the  compound,  it  is  removed  also,  whereas 
the  other  five  hydrogen  atoms  are  not  affected.  It  is 
especially  to  be  noted  that  the  relation  of  the  two  carbon 
Atoms  to  one  another  is  not  altered  by  the  removal  of  the 
.oxygen. 

All  these  facts  lead  to  the  constitutional  formula  for  alcohol : 


C— H 

\0— H 

In  methyl  ether,  C^H^O,  which  is  isomeric  with  this  alcohol, 

<  one  of  the  six  hydrogen  atoms  shows  any  difference  to  the 

otliers ;  and,  further,  when  its  oxygen  is  removed,  Kay  by  the 

^tion  of  hydriodic  acid,  the  connection  between  its  two  carbon 

A  broken,  with  the  focmation  of  prodttcta  "«\ttiAi  wiTv\airo> 
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only  one  atom  of  carbon  in  the  molecule,  these  products  being, 
according  to  the  conditions, — either  one  molecule  methyl  iodide 
and  one  molecule  methyl  alcohol  or  two  molecules  methyl 
iodide,  thus — 

C2HeO  +  HI  =  CH4O  +  CH3I, 
or,  CgHgO  +  2HI  =  2CH3I  +  HgO. 

From  this  it  is  to  be  concluded  that  in  methyl  ether  the  two 
carbon  atoms  are  not  bound  directly  to  one  another,  but  only 
by  interposition  of  the  oxygen.  These  conditions  find  expres- 
sion in  the  following  constitutional  formula — 

C=H„ 


CH3— 0— CH3;   or 


C=H 


In  a  precisely  analogous  manner  we  obtain  for  acetic  acid  the 
constitutional  formula — 

H     , 0 


^l^H;    or    H— C— C- 

H     0— H 


"^H 


On  account  of  the  innumerable  cases  of  isomerism  which 
have  been  observed,  empirical  formulae  alone  are  in  most  cases 
insufficient  for  the  discrimination  of  organic  compounds  ;  it 
generally  requires  the  constitutional  formulae  to  give  a  clear 
idea  of  their  behaviour  and  of  their  relations  to  other  sub- 
stances. Careful  study  has  made  it  possible  within  the  last 
few  decenniums  to  find  out  the  mode  in  which  the  atoms  are 
combined  in  the  molecule  of  most  organic  compounds,  and 
from  this  to  deduce  new  methods  for  their  preparation. 

The  theoretical  views  and  the  knowledge  thereby  gained  of 
the  nature  of  carbon  may  be  expressed  somewhat  as  follows — 

1.  Carbon  is  tetravalent. 

2.  Its  four  valencies  are  all  equal ;  there  is  only  one  mono- 
substitution  product  of  methane. 

3.  The  atoms  or  atomic  groups  which  are  held  bound  by 
tlie^e  four   valencies  cannot  directly   exci\ia.ii^<&  ^a.^^'s*  V\\)a. 
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flacli  other.  Proof;  there  are  in  every  case  two  physically 
different  tetra-substitution  products  C,  a,  b,  c,  d  of  methane 
(see  p.  23). 

4.  Several  carbon  atoms  can  be  connected  together  by  either 
one,  two,  or  three  valencies. 

5.  Those  compouods  form  either  open  or  riDg-shaped  closed 
chains. 

One  may  picture  the  oarbou  atom  in  ooe's  nwo  mind  as  a  tetcahodron, 
the  four  eomera  of  which  represent  the  iiffinities  or  affinity -dircutiouB, 
■□d  which  ia  regular  if  the  carbon  atom  is  combined  with  fonr  atoms 
aimiUr  to  each  other,  but  of  lesa  aym metrical  form  in  other  casus.  One 
has  thus  to  think  of  two  carbon  atoms,  connected  by  a  sii^le  bond,  as 
colliding  at  an  angle  of  the  tetrahedron,  but  free  to  move  round  each 
other;  of  two  carbon  atoms,  comiected  by  a  double  bond,  as  joined 
together  at  an  edge  of  the  tetrahedron,  but  no  longer  free  to  revolve 
Touod  each  other;  and  of  two  carbon  atoms,  connected  by  a  triple  bond, 
as  joined  by  two  sides  of  the  two  tetrahedcDns. 

ijuch  conceptions  have  proved  of  great  value  in  the  investigation  of 
the  finer  cases  of  isomerism,  on  the  one  hand,  aa  regards  the  optical 
differences  of  eabstances  which  are  chemically  identical,  {e.y.  the  lactic 
and  the  tartaric  acids),  and  on  the  other  as  regards  many  differences, 
hitherto  unexxjlained,  between  bodies  which  appeEir  to  possess  the  sama 
chemical  cooatitntioa,  especially  such  as  contain  a  double  carbon  bond 
ia  the  molecule,  {e.g.  fnmaric  anil  maleic  acids,  p.  21S).  (Cf.  Van 
'I  Hoff,  "  Dix  Annies  dans  I'bistoire  d'une  th^rie,"  Eotterdam,  1887  ; 

W'"ii'xnn»,  "  Baumlicbe  Anordnung  der  Atome,  etc,"  Leipzig  {Hirsd), 
1887,  referred  to  in  B.  ao,  R.  448  ;  Baeyer,  B.  IB,  2277  ;  A.  a«S,  103 ; 

V.  iityer,  B.  31,  784,  046). 

Rational  Formulae. 

Great  latitude  is  permissible  as  regards  tha  mode  of  writing 
constitutional  formulae,  according  to  the  particular  points 
which  it  is  desired  to  emphasize,  The  symmetrical  arrauge- 
inent  or  othenrise  of  the  formula  on  paper  ia  of  no  consequence, 
because  the  prevailing  theories  have  regard  almost  alone  to 
the  mode  of  combination,  and  not  to  the  actual  positions  of 
the  atoms.  Upon  this  latter  point,  experiment  can  yield 
almost  no  data. 

A  shortened  constitutional  formula,  which  indicates  more 
chemical  reiations  than  an  empirical  one  does,  k  culled  a 
■rofmuia;&^,,(^H50H,  alcohol  i(.CH.a>Ji,met\v^\fc'Oaavj 
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For  acetic  acid,  instead  of  the  constitutional  formula  already 
given  on  page  18,  the  following  rational  formula  may  be 
used — 

CH3— C<^jj     CH3— CO.OH,  CH3— COgH,  CH3.CO2H, 
(CH3.CO)6h,     C2H3O.OH,     H(C2H302),  and  so  on. 


Homology. 

• 

On  replacing  the  hydrogen  in  methane  by  1,  2,  3,  or  4 
atoms  of  chlorine,  the  substitution  products,  CH3CI,  CHgClg, 
CHCI3,  and  CCI4  result.  The  halogen  in  these  can,  in  its  turn, 
be  replaced  by  oxygen  (01  by  OH,  201  by  0,  and  301  by  0 
and  OH  together) ;  in  this  way  we  obtain  the  following  com- 
pounds— 


OH3OH. 


OHgO. 


OHO.OH  or  OH2O2. 


Methyl  alcohol.    Formic  aldehyde.  Formic  acid. 

From  ethane,  02Hg,  which  so  closely  resembles  metiiiane, 
similar  compounds  are  derivable,  compounds  which,  in  their 
chemical  properties,  are  in  every  respect  analogous  to  those 
from  methane,  but  differ  from  them  in  composition  by  the 
addition  of  OHg. 

The  same  holds  good  for  compounds  with  three  and  more 
carbon  atoms.  Thus,  corresponding  to  methane  and  ethane, 
we  have  propane,  OgHg,  butane,  O^H^q,  etc, ;  to  methyl  alcohol 
and  ethyl  alcohol,  propyl  alcohol,  O3H5-.OH,  and  so  on. 

Substances  which  differ  from  each  other  in  composition  by 
a  constant  quantity  such  as  OHg  or  some  multiple  of  OHg,  and 
which  at  the  same  time  resemble  each  other  closely  in  their 
chemical  behaviour,  are  termed  homologous,  and  can  be 
arranged  in  "  homologous  series,"  thus — 


OH4 

Methane. 


Ethane, 


I 


OH3OI 
Methyl 
chloride. 

O2H5OI 

Ethyl 

chloride. 


OH3.OH 

Methyl 
alcohol. 

O2H5.OH 

Ethyl 
alcoliol. 


OHgO 


Formic 
aldehyde. 

Acetic 


Formic  acid. 


Acetic  acid. 


Homology  coaatituteB  a  most  important  aid  in  the  etudy  o 
organic  chemistry,  because  the  compounds  belonging  to  a. 
homologous  series  nearly  always  show  analogous  properties, 
SEil  thus  the  study  of  a  single  member  often  suffices  for  the 
whole  group. 

From  a  physical  point  of  view,  it  is  observable  that,  with  an 
increase  in  the  number  of  carbon  atoms,  the  tendency  of  the 
compounds  is  to  change  gradually  from  the  gaseons  to  the 
liquid  or  solid  state.  Thus,  the  compound  CjHg  is  gaseous, 
CjHjg  is  liquid  at  the  ordinary  temperature,  C^^H^j  also  liquid, 
but  with  a  rather  high  boiling  point  (173°),  while  Cj^H^g  is 
solid,  boiling  only  above  300°.  Similarly,  formic  acid  is 
liquid,  and  the  corresponding  acid  with  16  atoms  of  carbon 
solid  ;  the  former  boiia  at  99°,  the.  latter  at  over  300". 

But  more  lies  in  homology.  All  the  homologues  of  methane, 
CHj,  contain  the  maximum  number  of  hydrogen  atoms  which 
can  be  taken  up  by  the  number  of  carbon  atoms  in  question, 
vis!.,  2«  +  2  atoms  of  hydrogen  for  n  atoms  of  carbon ;  under 
no  circumstances  can  more  hydrogen  than  this  be  bound. 

Just  as  ethane  can  be  derived  from  methane  by  substituting 
for  H  the  monovalont  group  CHj,  the  composition-difference 
CH,  following  as  a  consequence  of  the  tetravalence  of  carbon, 
BD  are  all  the  higher  hydrocarbons  of  this  aeries  derived  from 
those  poorer  in  carbon  by  the  continuous  exchange  of  H  for 
CHj ;  thus  the  formula  of  all  the  liigher  homologues  is 
CH4  +  ()i  +  1).CH„  i.e.  C„H5„^5.  The  tetravalence  of  carbon  is 
therefore  manifest]/  the  cause  of  the  homoVogs, 
lie  groupiag  together  oi'  tlia  c»r\>mi  aujui*  mxaX.  \ 
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conditioned  by  themselves,  since  hydrogen,  as  a  monovalent 
element,  cannot  be  the  cause  of  it.  In  all  the  higher  hydro- 
carbons, the  carbon  atoms  are  therefore  combined  together  in 
the  form  of  a  chain,  as  it  were,  as  the  following  graphical 
representation  shows : 

C  0 

0 ,  C ,      C— C— C—C,  or  C— C ;  and  so  on. 

c  c  c 

in  CgHg.      in  CgHg.  in  C^Hjo, 

Various  cases  can  occur  in  the  mode  of  combination  of  the 
carbon  atoms  (Isomers).  (See  Hydrocarbons  of  the  Methane 
Series.) 

Law  of  Even  Numbers  of  Atoms. 

The  number  of  hydrogen  atoms  in  the  above  hydrocarbons  is  always 
divisible  by  two.  Should  they  therefore  be  partially  replaced  by  other 
elements,  the  sum  of  these  latter,  if  their  valencies  are  expressed  by 
odd  numbers,  e.g.  CI,  N,  andP,  and  of  the  remaining  hydrogen  atoms 
taken  together  must,  as  a  necessary  consequence  of  the  law  of  equivalent 
proportions,  remain  an  even  number. 

Radicles. 

According  to  Liebig,  radicles  were  groups  of  atoms  capable 
of  a  separate  existence,  which  played  the  parts  of  elements, 
and,  like  these  latter,  could  combine  among  themselves  and 
be  exchanged  from  one  compound  to  another. 

Later  on,  the  postulate  that  such  radicles  must  also  be 
capable  of  existing  in  the  free  state  was  allowed  to  lapse,  and 
they  were  frequently  defined  shortly  as  "the  residues  left 
unattacked  by  certain  decompositions.'* 

Now,  however,  it  is  usual  to  designate  as  radicles  only  those 
atomic  groups  which  are  found  repeating  themselves  in  a  com- 
paratively large  number  of  compounds  derived  from  one  another, 
and  which  play  in  these  compounds  the  r61e  of  a  simple 
element,  e.g.  G^^i  methyl,  CgH^O,  acetyl ;  by  this  definition 
the  question  of  their  capability  of  exiatenc^  vAxeti  \sq\«*\^^  ^<^^^ 
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not  come  up.  Tbe  radicle  mothyi,  for  example,  is  not  known 
in  the  free  state,  since,  when  its  formation  might  be  expected, 
ethane  (dimethyl),  CHg — OH^,  is  obtained  instead  (see  pages 
16  and  17).  Such  radicles  may  be  mono-,  di-,  or  tri-valent,  etc., 
according  to  the  number  of  monovalent  atoms  which  they  are 
capable  either  of  replacing  or  of  combining  with,  so  aa  to  form 
a  saturated  compound  ;  for  instance,  (C2H4)'',  ethylene,  is 
divalent ;  (CjHj)'",  glyceryl,  trivalant ;  (CH)"',  methine  or 
methenyl,  likewise  trivalent,  etc. 


Classification  of  the  Hydrocarbons,  etc. 

The  hydrocarbons  which  have  already  been  described  are 
termed  "saturated"  compounds,  since  they  cannot  take  up 
more  hydrogen.  But  besides  these  there  are  hydrocarbons,  etc., 
poorer  in  hydrogen,  or  "unsaturated,"  such  as  C3H4,  ethylene, 
and  CjHj,  acetylene,  corresponding  to  which  there  are  like- 
wise homologot^  series. 

The  constitution  of  these  is  explained,  as  will  be  seen  later, 
by  the  assumption  of  a  double  or  triple  bond  between  neigh- 
bouring carbon  atoms,  for  instance — 

CH„  CH 

C,H,  =   II      ;        C,H,  =  II    . 
Cll,  CH 

From  t]i(;se  different  hydrocarbons,  as  starting  points,  the 
most  various  substitution  products,  such  as  alcohols,  aldehydes, 
ketones,  acids,  etc.  (see  p.  20),  are  derived  by  exchange  of  the 
hydrogen  for  halogen,  oxygen,  nitrogen,  etc. 

To  another  class  of  hydrocarbons  belongs  that  most  import- 
ant compound  benzene,  CgHj,  which  contains  eight  atoms  of  1 
hydrogen  less  than  hexano,  ChHjj.  With  regard  to  its  con- 
stitution, the  theory  of  the  existence  of  a  closed  chain  of  six 
carbon  atoms  has  been  advanced.  (See  Benzene  Derivatives). 
From  benzene  are  derived  an  immense  number  of  the  most 
different  homologous  and  analogous  hydrocarbons  and  sub- 
stitution products,  alcohols,  aldehydes,  acids,  and  so  on. 
Thua    beuxene,    like  methane,    ia    the   naotber    i 
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numerous  organic  compounds.  The  same  holds  good  for  the 
base  pyridine,  C^HgN,  which,  while  containing  nitrogen, 
resembles  benzene  in  many  points.  Organic  chemistry  is 
therefore  divided  into  the  two  following  large  sections  : . 

1.  Chemistry  of  the  Methane  Derivatives,  or  Chemistry  of 
the  Fatty  Compounds,  (so  called  because  the  fats  and  many 
compounds  derivable  from  them  belong  to  this  group). 

2.  Chemistry  of  the  Benzene  Derivatives,  or  Chemistry  of 
the  Aromatic  Compounds ;  this  is  followed  by  the  chemistry 
of  the  pyridine  derivatives  (chiefly  alkaloids). 


Physical  Properties  of  Organic  Compounds. 

The  physical  properties  of  organic  compounds  are  often  of 
the  greatest  importance  for  their  characterization.  They  fre- 
quently show  a  more  or  less  regular  relation  to  the  composition 
and  constitution  of  the  compounds.  A  few  of  these  may  be 
mentioned  here. 

Colour, 

Most  organic  compounds  are  colourless ;  compounds  con- 
taining iodine  and  nitro-compounds  are  frequently  yellow  or 
red.  Many  substances  are  converted  into  dyes  by  the  entrance 
of  the  salt-forming  groups  NHg  or  OH;  for  instance,  tri-phenyl- 
carbinol,  thio-diphenylamine,  and  azo-benzene  (see  these);  those 
substances  are  termed  "  chromogenes."     {Witt,  B.  9,  522.) 

Solubility. 

The  hydrocarbons  and  their  substitution  products  are  either 
insoluble,  or  only  slightly  soluble  in  water.  While  the  lower 
members  of  a  homologous  series  of  the  alcohols,  such  as  methyl 
and  ethyl  alcohols  and  glycerine,  dissolve  for  the  most  part 
easily  in  water,  the  higher  homologues  are  either  dijficultly 
soluble  or  insoluble.  The  polyatomic  (polyhydric)  alcohols, 
e.g,  mannite,  are  readily  soluble  in  water,  but  unlike  the 
monatomic,  are  mostly  insoluble  in  ether.  Aldehydes, 
ketones,  and  acids  behave  similarly  to  alcotLoV^    TVia  V^eivzane 
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derivatives  are,  as  a  rule,  lesa  soluble  in  water  and   alculiDl 
than  the  analogous  fatty  coni|joun<ls. 

Moat  organic  compounds  dissolve  in  alcohol,  and  the  greater 
proportion  in  ether. 

Spedjk  Gi'avily  and  Mdecular  Vohtine, 

The  specific  gravities  of  iaomejic  compounds  are  different. 
Those  of  the  normal  hydrocarbons,  determined  at  theii'  melting 
points,  approach — with  increase  of  carbon — to  a  definite  iimtt 
(about  078),  which  is  already  almost  reached  in  the  case  of 
CioITb4     (See  the  Paraffins.) 

The  specific  gravities  of  the  normal  hydrocarbons,  C„Hin  '^"'1 
C„H5n_2,  from  Cj2  onwards,  likewise  approach  this  limit,  but 
more  slowly  and  in  a  downward  direction ;  tlius,  CjgHgj  has 
the  specific  gravity  0-791,  and  C,gHg^  that  of  0-802.  The 
Bpecific  gravities  of  the  monobasic  fatty  acids,  heginning  at  a 
number  greater  than  1,  also  sink  with  increasing  carbon  and 
approach  to  the  above-mentioned  limit,  only  very  much  more 
alowly  than  in  the  case  of  the  hydrocarbons. 

The  Molecular  Volume,  GometimeB  also  termed  the  Spi?ciliu  Volume, 
IB  the  qaotieiit  from  the  molecnlar  weight  and  the  apccJGc  gravity. 

Sehrikler  has  calculated  various  laws  for  the  molecular  volnme  of  solid 
bodies.  Iiut  thiy  cannot  be  depended  upou.  Id  the  acetic  acid  homo- 
-logoua  BBries  the  molecular  vohioie  increaees  in  the  silver  suits  \iy  itbout 
IS-SforeveryincFementof  CHj.     (See  B.  lO,  S48,  1871  ;  14,  251<l.) 

By  comparing  the  molecular  volumes  of  liquids  under  similai' 
conditions,  i.e.  at  their  boiling  temperatures,  J7.  Ec^rp  a  long 
time  ago,  and  with  the  material  then  available,  observed 
■icertain  approximate  lelations,  wliieh  allowed  of  expression  in 
these  words  :  the  molecular  volume  of  a  compound  is  equal  to 
the  Biim  of  the  atomic  volumes  of  its  constituent  elements. 
,<A.  46,  212;  92,  1;  94,  269;  96,  171,  etc.)  Thus,  in 
jhoniologous  series  an  increase  of  about  22  was  obsoivud  for 
<Mcb  CHg,  and  in  this  way  it  appeared  possible  to  deduce  from 
~tiie  tnoleciilar  volume  of  compounds  the  atomic  volumes  of  their 
^eoOBtituent  elements.  For  carbon  this  was  found  to  be  11, 
4nd  for  hydrogen  5-5.  For  the  polyvalent  elements,  especially 
Sor  oxygen  ami  nitrogen,    varying  values  Wfie  ob^ameA.  '\i'^ 
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calculation,  the  value  appearing  to  depend  upon  the  mode  in 
which  the  elements  were  combined.  Thus,  the  O  which  was 
joined  to  C  by  a  double  bond  in  a  compound  had  the  volume 
7*8,  while  that  joined  by  a  single  one  had  the  volume  12*2. 

Later  investigations,  which  have  had  much  more  material  to 
work  upon  in  consequence  of  recent  discoveries,  have  shown 
that  the  above  law  is  only  approximately  true.  Thus  isomeric 
bodies  have  not  the  same,  but  somewhat  different  molecular 
volumes.  In  unsaturated  compounds  each  double  bond  of 
C  to  C  appears  to  increase  the  molecular  volume.  Even  when 
their  atoms  are  similarly  combined,  isomeric  bodies  have 
different  molecular  volumes:  for  example,  ethylene  chloride 
and  ethylidene  chloride,  whose  molecular  volumes  differ  by 
4  per  cent,  of  their  value.  (Cf  Thorpe,  Ch.  Soc.  J.  37,  141 ; 
Lossen  and  his  Pupils,  A.  211,  214,  and  221;  Schiff,  A.  220,  71 ; 
Staedel,  B.  15,  2559 ;  Horstmann,  B.  19,  1579 ;  BrUM,  A.  235, 
1,  and  others.) 

Recent  investigations  by  Horstmann  (6.  20,  766)  have  shown  that  in 
the  case  of  compounds  of  the  benzene  and  pyridine  series,  in  which  one 
assumes  a  closed  carbon  chain  (p.  311))  the  molecular  volume  is  dis- 
tinctly less  than  in  the  case  of  isomers  containing  two  carbon  atoms 
joined  together  by  a  double  bond  (p.  49).  The  same  law  holds  good  for 
pyrrol  and  thiophene  derivatives.     (Cf.  Ladenburg,  B.  21,  292.) 

Laws  regulating  the  Boiling  Point. 

1.  In  homologous  compounds  the  boiling  point  rises,  in  the 
case  of  substances  of  analogous  constitution,  by  an  increment 
for  each  CHg  which  is  constant  in  the  lower  members  of  the 
series;  this  is  19°-20°  for  each  CHg  in  the  lower  members  of 
thQ  methyl  alcohol  and  formic  acid  series,  and  30**  in  the  series 
of  the  methylated  benzenes  (containing  the  methyl  group  in 
the  benzene  ring).  In  the  higher  members  of  a  series,  i.e, 
with  increasing  carbon,  the  temperature-difference  decreases. 
(See,  as  an  example,  the  Methane  Series.) 

2.  The  boiling  points  of  the  normal  hydrocarbons  of  the 
series  CnH^+3»   CnHs^,  and  O^Hau-a  are  very  near   to    each 

oiAer;  e.g.  C^qH^.  181-5,  C^^^,  VI^\ksAQ»^^^\%^\ 
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3.  In  the  case  of  iaomeric  eubBtances,  the  normal  compound 
in  the  fatty  series  has  the  highest  boiling  point ;  the  more 
branching  the  C-chain  is,  the  lower  is  the  boiiing  point.  (Sec 
the  Hydrocarbons  C^H^,  and  the  Acids  C^HjuO^) 

4.  The  entrance  of  halogens  generally  raises  the  boiling 
point  considerably,  the  first  Cl-atom,  for  instance,  by  about 
(iO°,  and  the  succeeding  ones  by  a  less  amount  (See,  e.g.. 
Chlorinated  Methanes  and  Acetic  Acids.) 

5.  On  comparing  compounds  which  contain  hydroxy]  with 
the  substances  from  which  they  are  derived,  it  is  seen  that  the 

itrance  of  the  OH  group  has  caused  a  considerable  rise  In 

ithe  boiling  point ;  and,  further,  that  while  the  mother  aub- 

may  distil  unchanged,  the  hydroxyl  derivative  frequently 

iomposea  upon  distillation.     Thus,  propionic  acid  is  volatile, 

'hile  lactic  acid  (oxy-propionic)  is  not. 

6.  The  boiling  points  of  ethEra  {aee  tiieso)  are  conaiderttbly  lower  than 
loae  of  the  isomeric  alcohols,  or  even  of  the  corresponding  alcohols ; 
lus,  ethyl  ether  boile  at  35°,  the  iBomeric  bntjl  alcoliol  at  117°,  and 

[i«thyl  alcohol  at  78°.  The  Eamu  thing  applies  to  the  compounds  derived 
from  the  ulcohola  by  exchange  of  OH  £or  SH  or  NHj,  (mercaptan, 
CjHjSH,  hoila  at  3G°  ;  Ethylamine,  CaHjNH,,  at  18°)  ;  and  to  the 
glycols  and  their  simple  ethers,  (glycol  boila  at  107°,  ethylene  oxide 
ftt  13°). 

I  easily  volatilized  than 
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The  separation  by  distillation  of  two  substances  which  boil 
Kt  different  temperatures  can  only  be  carried  out  easily  when 
&e  interval  between  the  boiling  points  is  a  large  one.  If 
^ese  only  differ  from  one  another  slightly,  say  by  10°-30°, 
jQie  tension  of  the  vapour  of  the  higher  boiling  liquid  ia  already 
po  considerable  at  the  temperature  at  which  the  lower  one 
boils,  that  it  partly  distils  over  with  the  latter.  As  a  conse- 
HUence,  one  observes  in  such  cases  a  continuous  rise  of  the 
;thermometer  without  its  remaining  stationary  at  any  given 
iboiling  point,  and  a  gradual  {not  intemuttent)  change  in  the 
pompoBttian  of  the  distillate. 
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In  Bach  casoB  one  must  distil  "  fractionally,"  i.e.  the  dis- 
tillate must  be  collected  in  separate  "  fraj^tions,"  according  to 
the  rise  of  boiling  point,  e.g.  from  5°  to  5°,  and  each  of  thesd 
fractions  must  be  again  fractionated  by  itself.  The  operatioi 
hae  to  bo  repeated  until  the  middle  fractions  have  befflj 
separated  into  the  higher  and  lower  boihng  constituents,  i.s 
until  the  separation  of  these  latter  has  been  effected.  Tu 
facilitate  the  operation,  apparatus  is  used  which  favours  | 
partial  condensation  of  the  vapour,  by  which  means 
vapour  of  the  higher  boihng  substance  is  mostly  liquefied 
(fractionating  apparatus  by  fFurlz,  Lmriemann,  Glinsh/,  SenwM 
ger,  Le  Bel,  Eempd,  Warrm).  On  the  large  scale,  apparatn 
depending  upon  the  same  principle  and  called  "  columii 
apparatus  "  and  "  dephlegmators,"  are  employed  for  separating 
the  benzene  hydrocarbons  and  for  purifying  alcohol. 

Even  with  liqnids  wlioae  boiling  points  ace  relatively  wide  apart  fron 
one  aiiother,  cases  may  arise  in  which  a  separation  by  fractjonal  di 
tion  is  difficolt  or  even  impossible.  As  an  example  of  the  latter,  £ 
may  bo  mentioned  that  a  mixture  of  2  volumes  water  with  3  volnma 
amyl  alcohol  (B.  Pt.  133°)  boils  at  the  constaut  temperature  of  96*^ 
and  a  similar  misture  of  carbon  bisnlpbide  and  water  at  43°  ;  from  i 
mixture  of  aailine  and  water,  the  former  distils  more  q^uickly  than  tl 
latter,  although  its  boiling  temperature  is  80°  higher. 

Wlien  two  substances  whioh  do  not  mix  with  one  another,  or  who 
vapour  tensions  are  not  altered  npon  mixing,  are  distilled  togetJier,  tU 
quantity  of  each  which  passes  over  is  proportional  to  the  pcodnot  of  d 
vapour  tension  at  the  boiling  temperature  of  the  mixture  into  Vb\ 
vapour  density.  (G:g=:MP:  mp,  where  m.  is  the  molecnlar  weight,  J 
the  weight  in  tbe  distillate,  and  p.  the  vaponr  tension  of  the  one  cot 
atitucnt  at  tbe  boiling  temperature  of  the  mixture,  M.G.P.  being  tb 
corresponding  values  for  the  other  constitneot.  WanUyn's  law,  oorrfl 
borated  by  Berlkdol  and  Thorpe.)  Since  the  molecular  weight  ia  pri 
portional  to  the  specific  gravity,  it  ia  possible  to  calculate  by  this  laf 
tbe  molecular  weight  of  a  substance  from  the  observed  proportions  ji 
which  two  caoBtituents  of  a  mixtnre  distil,  provided  the  molecaln 
weight  of  the  other,  e.g.,  water,  is  tnown,  {HaumaTM). 

Laws  Regulating  the  Melting  Point. 

1.  One  frequently  observes  in  homologous  scries  that  tbe  meltiaj 
poiDtB  of  the  sacceasive  members  alternately  rise  and  fall  in  such  ] 
ai^iaartliat  tbe  merabtra  with  an  odd  trartAiet  ol  cai\ni'tt  ii.\«nvaWi%1 
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loner  niBlting  point  than  those  containing  an  atom  of  CBrbon  less,  while 
tbe  melting  poiotfl  of  the  membErs,  both  witli  oiiii  and  with  ovan 
cumbers  oE  carbon  atoms,  when  regarded  aloue,  rise  regularly  (furmia 
acid  sciieB),  or  also  in  part  fait  (succinic  acid  Beries]. 

!.  Of  the  isomeric  di-derivatives  of  benzGnH,  the  ji-compounde  have 
the  highest  melting  point,  and  are  often  aolid  when  the  m-  and  o-i'ooi- 
ptjunds  are  still  liquid.  The  leugthening  out  of  the  side  olinins  causes 
■  lawering  of  the  melting  point. 

3.  In  compound  ethei's,  the  methyl  ethers  have  frequently  a  higher 
melting  point  than  the  ethyl,  and  the  ethjl  a  higher  one  than  the 
propyl,  etc. ;  thus  the  methyl  ether  of  oxalic  acid  is  solid,  and  the  ethyl 
ether  liijuid. 

4.  The  melting  point  of  a  mixture  of  two  substances  altera 
with  its  composition  in  this  way,  that,  with  a  definite  composi- 
tlon.  a  minimum  of  melting  point  is  attained,  which  lies  below 
that  of  the  lower  melting  conBtituent.  As  examples  of  this 
may  be  mentioned  a  mixture  of  atearic  and  palmitic  acids, 
which,  on  account  of  its  lower  melting  point,  was  for  long  held 
to  be  a  separate  acid,  "  margaric  acid  " ;  or  a  mixture  in  equal 
proportions  of  para-  and  meta-osy  ben  zoic  acids,  which  melts 
tt  143°-152°,  while  the  acids  separately  melt  respectively  at 
210='  and  290°. 

Even  very  amaU  quantities  of  admixtures  may  materially 
^  reduce  the  melting  point  of  a  compound.     The  constancy  of  the 
lelting  point  of  a  substance  after  repeated  recrystallizations  is 
lerefore  a  valuable  criterion  of  its  purity. 

Heat  of  Neutralixalion. 

The  value  of  the  heat  of  neutralization  of  organic  acids  in 

iqueous  Bolutiou  by  caustic  soda  is  approximately  the  same  for 

!  organic  carboxylic  acids,  i.e.  for  those  which  contain  the 

jarboxyl,  COOH,  in  so  far  as  their  salts  are  not  decom- 

josed  by  water,  being  as  a  rule  somewhat  over  12,000  calori- 

Vetric  units.     Phenols  give  only  about  half  this  value,  while 

r  ordinary  alcohols  under  similar  conditions  it  is  very  small. 

iB  can  be  made  of  this  to  determine  the  function  of  thehydroxyl 

1  any  comjwund.     The  entrance  of  a  negative  radicle,  such  as 

'j,  into  a  phenol,  whicli  converts  it  into  an  actus,!  acid,  is  also 

Koaipanied  bj-  a  rise  in  the  heat  of  neutialization,  i^BETllwld'i 
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Heat  of  Combustion  and  Heat  of  Formation, 

Certain  relations  are  likewise  observable  on  comparing  the  heats  of 
combustion  of  different  substances,  molecule  for  molecule.  Thus  the 
molecular  heat  of  combustion  increases  in  most  homologous  series  by 
150,000  to  160,000  calorimetric  units  for  each  atom  of  carbon. 

In  isomeric  compounds  the  heats  of  combustion  are  equal  when  the 
chemical  nature  of  the  compounds  is  the  same,  e.g.  in  the  c€kse  of 
methyl  acetate  and  ethyl  formate,  but  different  when  the  constitution  is 
different ;  thus  the  heat  of  combustion  of  acetone  is  greater  than  that  of 
allyl  alcohol,  and  that  of  di-propargyl  materially  higher  than  that  of 
benzene. 

From  the  heat  of  combustion  the  heat  of  formation  of  a 
substance,  which  is  very  closely  connected  with  its  constitution, 
can  be  calculated.  For  particulars  of  these  interesting  rela- 
tions, Thomsen^s  "  Thermochemische  Untersuchungen,"  vol.  4, 
must  be  consulted. 

Optical  Behomour, 

1.  Refractive  power.  As  Molecular  refractive  power  or  refraction  equi- 
valent is  designated  the  product  of  the  molecular  weight  M  into  the 

specific  refractive  power  of  a  liquid,  ^^^^,  that  is  M  .  ^^^^  ()u  being  the  v 

P  P 

index  of  refraction  and  p  the  density  of  the  liquid). 

For  the  molecular  refractive  power,  which  is  independent  of  the 
temperature,  similar  laws  hold  good  as  for  the  molecular  volume.  (1) 
In  homologous  series  it  increases  continuously  by  about  7*6  for  every 
CHg.  (2)  It  is  almost  the  same  for  isomeric  compounds.  (3)  The 
molecular  refractive  power  of  compounds  is  approximately  equal  to  the 
sum  of  the  refractive  equivalents  of  the  elements  which  are  deduced 
from  it,  as  the  atomic  volumes  are  from  the  molecular  volumes. 

This  relation  is,  as  stated,  only  an  approximate  one,  the  mode  in 
which  the  atoms  are  combined  appearing  to  influence  it.  BriifU  states 
that  the  molecular  refractive  power  of  unsaturated  compounds  is  greater, 
with  approximate  regularity,  than  the  value  calculated  as  above  (A. 
200, 139;  203,  263);  thus  the  determination  of  the  refraction  equivalent 
becomes  a  means  of  elucidating  the  constitution  of  organic  compounds. 

2.  Behaviour  towards  Polarized  Light  {Circular 

Polarization). 

Many  organic  compounds  turn  the  plane  of  polarization  of 

light.     Some  only  effect  this  when  in  the  solid  state  and  not 

when  fused  or  dhaolvQA^  thus  Bhomu^  that  tha  property 
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depends  upon  their  crystaUine  structure,  e.g.  benzile,  Ci,H,nU^ ; 
Dttiers  both  when  solid  and  in  solution,  e.g.  sulphate  of  strych- 
nine ;  most  of  them,  however,  only  when  liquid,  e.g.  tartaric 
add,  cane  sagar,  etc.  Oil  of  turpentine  and  camphor  also 
possess  this  property  when  in  the  state  of  gna,  and  it  must 
therefore  in  their  case  be  dependent  upon  the  arrangement  of 
the  atoms  and  not  of  the  molecules. 
It  has  now  been  proved  in  many  casea  that  several  optically 
^1  different  modifications  of  the  same  compound  exist ;  there  are, 
^K  for  instance,  a  dextro-rotatory  and  an  equally  strong  laevo* 
^m  rotatory  tartaric  aeid,  by  the  combination  of  which  an  inactive 
^H  lirtaric  acid  (racemic  acid)  is  formed.  The  last-named  can  be 
^B  broken  up  into  the  two  active  modifications,  in  contradistinction 
^1  to  another  inactive  tartaric  acid  which  is  not  thus  divisible. 
^P^tTien  the  active  compounds  which  occur  in  nature  are  pre- 
T  pared  artificially  in  the  laboratory  they  are  almost   always 

(inactive,  but  these  inactive  modifications  can  frequently  be 
either  transformed  or  split  up  into  the  active,  e.g.  inactive  into 
ordinary  tartaric  acid  by  heating  with  water  to  170°.  Such 
transformation  or  splitting  up  can  sometimes  be  eifected  by 
the  crystallizatjou  of  salts  of  the  acids,  e.g.  the  ciuchonine 
salts  and  the  double  Na-NHj-racemate,  and  also  by  the  addition 
of  certain  ferments,  in  especial  the  Penicillium  glaucum  and  the 
I  Schizomycetes.  The  action  of  the  latter  is  explained  by  their 
b  destroying  the  one  active  modification  more  rapidly  than  the 
tber.  For  the  characteristic  faces  on  such  salts,see  tartaric  acid. 
Such  optically  different  modifications  may  also  show  slight 
ifferences  in  their  chemical  relations.  According  to  Le  Bel 
an  'llJoff,  the  optical  activity  is  determiued  by  the 
ce  of  one  or  more  asymmetric  carbon  atoms,  i.e.  carbon 
which  are  joined  by  their  four  affinities  to  four  different 
lements  or  groups,  as,  for  instance,  in  active  amyl  alcohol  (1), 
1  tartaric  acid  (II.)  : 

HO      OH 

(II.)  HC  — OH    . 
I         1 
COjH  COjH 
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As  a  matter  of  fact  all  optically  active  substances  contain  such 
asymmetric  carbon  atoms,  but  not  vice  versa. 

For  the  explanation  of  optical  activity  upon  this  ground, 
see  van  HHoff's  *'Lagerung  der  Atome  im  Kaume,"  Braun- 
schweig, 1877. 

The  turning  of  the  plane  of  polarization  is  proportional 
(1)  to  the  thickness  of  the  layer  of  the  solution  to  be  traversed, 
and  (2)  to  the  percentage  of  compound  in  it.  If  the  observed 
angle  of  deflection  a  be  reduced  to  the  length  of  1  decimetre 
of  the  layer  traversed,  and  to  1  gramme  of  the  active  substance 
in  1  cubic  centimeter  of  solution  (a  =pp/ 100,  where  p  =  the  speci- 
fic gravity  of  the  solution),  then  the  "  specific  rotatory  power  " 

of  the  substance  is  :  ft     100a 

[a]  =  . 

l.p.p. 
This  specific  rotatory  power  to  right  ( + ),  or  to  left  ( - ),  is 
constant  and  characteristic  for  each  substance  dissolved  in  a 
given  solvent,  and  of  a  given  concentration  and  temperature. 
It  diminishes  as  a  rule  with  rise  of  temperature,  and  increases 
with  increasing  dilution,  and  it  is  also  dependent  upon  the 
nature  of  the  solvent  and  of  any  possible  admixture. 

Thus  asparagine  and  aspartic  acid  in  alkaline  solution  turn  the  plane 
to  the  left,  in  acid  solution  to  the  right.  Dextro- tartaric  acid,  with  in- 
creasing concentration  of  the  solution,  turns  it  less  and  less  to  the  right; 
when  it  contains  100  per  cent.,  i.e.  when  fused,  it  turns  it  to  the  left. 

By  eliminating  the  (calculated)  influence  of  the  solvent,  we 
obtain  the  "real  specific  rotation  "  (LandoU).  This  is  usually 
given  for  yellow  sodium  light,  i.e.  Fraunhofefs  D-line,  and 
designated  as  [aj^. 

These  optical  relations  are  sometimes  complicated  by  the  pre- 
sence of  the  so-called  **Bi-rotation."  (See  grape  and  milk  sugars.) 
(Cf .  Landolty  ' '  Das  optische  Drehungsvermogen  organischer  Sub- 
stanzen,"  Braunschweig,  1879.) 
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Class  L-METHANE  SERIVATITES. 


I.  HTDROOARBONS. 


A.  Satiirated  Hydrocarbons,  C„H^+, 

SwnmoTif. 


M.Pt. 

B.P. 

..„. 

B.«. 

CH, 

Metbane, 

-186° 

-ler 

C,aH"s 

Tridecane. 

-6° 

234° 

r.: 

Ethane. 

Gaa. 

C   H» 

Tetradecane, 

+  5" 

253° 

Propane, 

-17* 

c.< 

Pentadeoane, 

+  10° 

271° 

Ci=H,. 

Hexadeoane, 

18° 

288° 

BUTANKS. 

C„H,, 

HeptadBoane, 

23° 

303° 

CjHio 

(1)  Normal-) 

C,aHj„ 

Ootadecana, 

28° 

317' 

butftiu;,   i 

t^^:: 

Nonadecaue, 

32° 

SSO' 

C.H;, 

(2)  lao- 

bntane,  ( 

Pf.ntanes. 

-17° 

Eicusane, 

Haneicoaane, 

Docoaaue, 

37° 
44° 

205°+ 
215' 

C.H,, 

(1)  Nonnal- 

+  37° 
+  30° 

C^,H,3 

Tricoaaua, 

48° 

234° 

C.H^ 

p"ntane, 
(2)  lao- 

C.,H.« 

Tetrauoaaoe, 

51° 

{243° 

C.H^ 

{3)Tertiary- 

-20° 

+r 

C^tHjo 

Heptaciiaane, 

60' 

{270" 

C,H,, 

69"* 

t^siffw 

68° 

{302° 

C7H 

Outiiue,  ' 

98° 
124° 

Us^™ 

tanf, 
Dicetyl, 

70° 

{310° 

tyi™ 

-61° 

150° 

CI^H™ 

Decane, 

-32° 

173° 

C»H„ 

Peuta-tria,- 

C  H^ 

Undecoun, 

-26° 

ltl5= 

contane. 

7S° 

{331° 

C„H« 

DodecauB, 

-12° 

214° 

*  All  the  uiimbers  given  from  hexanc  onwardB  refer  to  the  normal 
iydrocarbona.     fSee  below. ) 
/  f  tigaiSes  boiling  point  uuder  15  mm.  piceasnn. 


HYDUOCARBONS. 

The  firat  members  of  the  series  up  to  tliose  with  about  four 
atoms  of  carbon  ai'e  gases,  which  gradually  becMjme  more  easily 
coniienEable  as  the  number  of  carbon  atoms  in  the  molecule  i 
increases.  The  members  which  follow  are  liquid  at  the 
Dary  temperature,  their  boiling  point  rising  with  iticreaaing 
comber  of  carbon  atoms.  The  higher  homologuea,  from  about 
Ci„H^  (melting  point  18°)  on,  are  solid  at  the  ordinary  tem- 
peratui'e.  They  boil  finally  without  decompoBition  only  tinder 
diminished  pressure  and  at  very  high  temperatures,  while  their 
melting  point  graduaDy  rises  till  it  reaches  75".  The  methane 
liomologues  are  almost  or  quite  insoluble  in  water ;  alcohol 
dissolves  the  gaseous  members  to  a  slight  extent,  the  liquid 
niflmhera  easily,  and  the  solid  with  gradually  increaaiug 
difficulty.  Their  specific  gravities  at  the  melting  point 
tDcrease  with  incioasing  number  of  carbon  atoms  from  0'4 
up  to  0-78,  which  forma  a  boundary  limit.  This  value  is 
already  almost  reached  by  the  hydrocarbon  CjiHj,,  so  that 
for  the  higher  members  of  the  Bcries  the  following  law  holds 
.good  :  "the  molecular  volumes  are  proportional  to  the  specific 
■  gravitiea,"  {Krafft). 

They  ate  incapable  of  combining  further  with  hydrogen  or 
iialogens  (see  p.  21),  and  absorb  neither  bromine  nor  sulphuric 
«cid.  They  are  therefore  termed  the  Saturated  Hydro- 
carbons. Even  fuming  nitric  add  has  little  or  no  action 
.npon  tliem  ;  thus,  methane  is  not  attacked  by  a  mixture  of 
Aiming  nitric  and  sulphuric  acids,  even  at  150°.  They  are 
Also  very  indifferent  towards  chromic  acid  and  permanganate 
of  potash  in  the  cold ;  when  oxidation  docs  take  |>lace,  they 
are  mostly  converted  directly  into  carbonic  acid.  The  name  of 
"The  Paraffins,"  {from  parum  affinis),  which  was  originally 
applied  only  to  the  solid  hydrocarbons  from  lignite,  has  there- 
■fore  been  extended  to  the  whole  homologous  series. 

By  the  action  of  the  halogens,  (CI,  Br),  substitution  takes 
'place,  the  subatitutod  hydrogen  combining  with  an  amount  of 
I'halogen  equal  to  that  which  has  entered  the  hydrocarbon, 
(see  Substitution  products  of  the  Hydrocarbons)  ; 
CH^H  +  CiCl  =  CHXl  +  HCl. 


rocarbon,     I 

J 
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v„. 


The  percentage  composition  of  these  hydrocarbons  ap- 
proaches with  increasing  carbon  to  a  definite  limit,  viz.  to 
that  of  the  hydrocarbons,  GJl^^,  =  CH^  as  is  shown  by  the 
following  table  : 


1 

Per 
cent. 

C 
H 

CH4 

CgHg 

CsHg 

^^6^14 

Qe^M 

^22^46 

CaiHgo 

CggH^ 

Limit 
Value, 

75-00 
25  00 

80  00 
20-00 

81-82 
18-18 

83-72 
16-28 

84-60 
16-40 

85-16 
14-84 

85-21 
14-79 

85-30 
14-64 

85-71 
14*29 

It  is  therefore  impossible  to  distinguish  by  elementary 
analysis  between  two  of  the  neighbouring  higher  homologues, 
e,g,  C22  and  C24,  C24  and  Cjo ;  the  only  reliable  data  here  are 
the  methods  of  formation  from  compounds  in  which  the 
number  of  carbon  atoms  in  the  molecule  is  already  known, 
and  the  melting  points. 

Isomers. — Only  one  representative  each  of  the  formulae 
CH4,  C2H(^,  and  CgHg  is  known,  but  of  C^H^q  there  are  two, 
of  C5H12  three,  and  of  C^H^^  already  five  isomers,  and  most  of 
the  higher  hydrocarbons  are  known  in  various  isomeric  forms. 
From  this  the  conclusion  is  drawn  that  in  these  difi\jrent 
isomers  the  carbon  atoms  are  differently  combined,  in  the  one 
case,  as  it  were,  in  a  straight  line  without  branching,  like  the 
links  of  a  chain  ;  in  the  other,  with  the  formation  of  a  branch- 
ing chain.  (This  is  of  course  not  to  be  taken  as  meaning 
that  they  are  grouped  together  in  space  in  straight  lines.) 
Thus: 

C— C— C— C-C,  or  g>0  <^  or  0— C— C<g 

The  first  of  these  hydrocarbons,  with  a  non-branching  chain, 
are  termed  the  normal  hydrocarbons ;  the  last,  the  iso-hydro- 
carbons.     (See  p.  41.) 

The  principles  by  which  such  constitutional  formulae  are 

arrived  at  will  be  explained  under  Butane  and  Pentane. 

Only  those  homologues  are  comparable  whose  constitutions  are 
similar,  as  in  the  case  of  the  normal  hydrocarbons. 

Occwreme. — Hhe  hydrocarbons  of  the  paraffin  series  occur 
naturally  in  great  variety.     Thus,  methaxie  \a  ex\v«X^^  ^\Qti3L 
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^  earth's   cnwt,  as  pit  gae  and  as  marsh  gas.     The  next 

;her  liomologues  are  found  dissolved  in  petroloiim,  whiuli 

o  contains  the  higher  hydrocarbons  in  Iwge  amount.  Si.ilid 
fdrocarbons  occur  as  ozokerite  or  earth  wax.  By  the  frac- 
onal  distillation  of  petroleum,  a  large  number  of  these  com- 
ounda  have  heen  isolated.  Heptane  and  hexadecane  are  also 
lund  in  the  vegetable  kingdom. 

Modes  ff  formiition. — A.  The  gaseous  as  well  as  the  Hr|uiil 

d  solid  members  of  this  sericB  are  obtained  by  the  distilLitiun 
F  lignite  (Boghead-,  Cannel  coal},  wood,  bituminous  shale, 
ad,  in  very  much  smaller  quantity,  from  pit  coal.     Paraffins 

J  also  got  by  dissolving  carbide  of  iron  in  acids,  and  by 
eating  wood,  lignite,  and  coal,  hut  not  graphite,  with 
fdrtodic  acid. 

R  From  substances  containing  an  equal  number  of  carbon 
loms  in  the  molecule. 

1.  From  the  halogen  alkyla,*  C„Han.,X,  and,  generally 
peaking,  from  the  substitution  products  of  the  hydrocarbons 
y  exchange  of  the  halogen  for  hydrogen,  (backward  substitu- 

)n).  This  is  effected  by  the  action  of  sodium  amalgam,  or 
tmta  and  hydrochloric  acid,  by  heating  with  water  and  zinc 
b  160°,  (FmnManii),  or  with  fuming  hydriodic  acid,  which  last 

&  most  energetic  reducing  agent,  especially  in  the  presence 
if  red  phosphorus  ;  and  so  on. 

Hutdng  with  aJihydroDB  chloride  of  aluuiiuium  has  a  similar  eBect. 
C2H5I  +  HH  =  C^Ha  +  HI. 
CH„I  +  HOH  +  Zn  =  CH,  +  2n  j  J*^ 
aHJ  +  HI  =  0„H„  +  L.    „-:-r^,, 

2,  From  the  monatomic  alcohols,  C„Ha,^.,OH. 

1.  By  first  converting  them  into  the  corresponding  halogen 

toopouudB,  e.g.  by  means  of  halogen  hydriile,  and  then  trana- 

fonning  those,  according  to  1,  into  the  paraffins, 
Kro^  has  prepared  the  higher  normal  paraffins  from  these 
'Thfl  monovalent  residues,  CnHsu+i,  methyl,  ethyl,  etc.,  whiuh  are  at 
*  Ume  time  the  tiulicles  of  the  monatomio  alcohols,  CuH-iu 

'■^aeai/y  U-riued  alkyla. 


38  I.   HYDROCARBONS. 

halogen-alkyl  compoimrls,  by  splitting  off  the  halogen  hydtide 
and  heating  the  residual  C„H2a  with  HI.     (B.  16,  1714.) 
h.  By  heating  directly  with  hydriodic  acid — 

C2H5OH  +  2HI  =  CgH.I  +  H2O  +  HI  =  C2H6  +  HgO  +  Ig. 

3.  Also  by  heating  polyatomic  alcohols,  such  as  glycerine, 
with  hydriodic  acid  to  a  high  temperature. 

4.  From  compounds  richer  in  oxygen,  such  as  aldehydes,  ketones 
and  acids,  by  heating  them  to  a  high  temperature,  e.g.  280**,  with 
hydriodic  acid  saturated  at  0°  and  amorphous  phosphorus.  The  above 
compounds  are  frequently  converted  in  the  first  instance  into  the  cor- 
responding chlorides  by  means  of  phosphorus  pentachloride. 

5.  From  hydrocarbons  poorer  in  hydrogen,  i,e,  unsaturated 
hydrocarbons  (see  these),  by  the  addition  of  nascent  hydrogen  ; 
e,g,  ethane  from  ethylene  or  acetylene  and  hydrogen,  either 
in  presence  of  platinum  black  or  by  heating  the  mixture  of 
gases  to  400^-500°.  Also  by  heating  with  hydriodic  acid, 
(see  above,  3),  or  by  addition  of  halogen  or  halogen  hydride, 
and  exchange  of  the  halogen  for  hydrogen,  according  to  1. 
Thus  :  p  w  _i_  TT       P  TT 

C,H,o  +  2HI  =  C,H,2  +  l2; 
j  C2H4  +  HBr  =  CgH.Br, 
)  C2H5Br  +  H2  =  O2H6  +  HBr. 

C.  From  acids  containing  more  carbon,  with  separation  of 
carbon  dioxide.  Thus,  by  heating  acetate  of  calcium  with 
soda-lime,  methane  and  carbonic  acid  are  formed  : 

CHgCOONa  +  NaOH  ='CH4  +  Na2C03. 

D.  By  the  combination  of  two  radicles  containing  a  smaller 
number  of  carbon  atoms. 

1.  By  the  action  of  sodium  upon  the  alkyl  iodide  in  ethereal 
solution,  (Wnrtz)^  see  p.  16  ;  or  by  heating  with  zinc  in  a  sealed 
•    tube,  (Frankland)  : 

^^^  CH3 

By  this  method  also  two  different  radicles  can  be  combined, 
A^.     C^HJ+C^H^I   give    G^ll^-^Gfi^=G^Yl^^,    ethyl-butyl, 
Cy^^r/y  "Mixed  Radicles"). 


[  By  the  action  of  halai^n  alkyl  upon  xinc  alkyl,  whereby  lUuimili 
ficles  may  also  lia  united.— 

cg;{+ZngJ;.z,,i,+2CH,.CH.. 

3.  By  the  electrolyaia  of  aciila   of  the  acetic   acid  serie 


The  hydrogen  is  here  evolved  at  the  negative  pole,  and  t}i 
hydrocarbon  and  carbon  dioxide  at  the  positive. 


Methane,  CH^,(J'o?/ffl,  177S).  Occurrence.  As  an  exhalatio 
from  the  earth's  crust,  more  especially  at  Baku  in  the  neigl 
iMiurhoorl  of  the  Caspian  Sea  (the  "  Holy  Fire  "  of  Raku) ;  o 
the  jjeninsxila  of  Apscheron,  where  it  is  used  for  lieating  pu 
poses  in  the  Tartar  village  of  Balachana;  in  North  Americi 
e.g.  from  the  large  gas  wolls  at  Fittsbtirg,  such  as  the  Burr 
well  (see  Ethane)  ;  in  Italy  ;  near  Glasgow ;  in  the  exhalatior 
from  mud  volcanoes,  for  instance,  at  Bnlganok  in  the  Crime! 
where  the  gas  is  almost  pure  methane,  (Rmism),  and  so  on. 

As  pit  gas  m  mines,  where  it  causes  explosions. 

As  marsh  gas,  produced  along  with  00^  and  N  by  tli 
decomposition  of  organic  substances  under  water;  further,  b 
the  fermentation  of  cellulose,  e.g.  by  river  mud  (by  means  i 
"Bacillus  amylohacter "). 

It  is  also  found  in  rock  salt  (the  Knistersalz  of  Wiehcaka 
and  in  the  human  intestinal  gases,  (up  to  67  per  cent.  Or 
after  eating  pulse). 

The  illuminating  gas  obtained  hy  the  destractive  distillatiu 
of  coal  contains  about  40  per  cent,  methana 

Modes  of  prepamlion.  1.  Methane  is  formed  synthetical: 
in  an  indirect  manner  by  the  union  of  carbon  and  hydrogc 
to  acetylene  at  the  temperature  of  the  electric  arc,  tl 
subsequent  transformation  of  this  into  ethane,  and  of  the  latt< 
into  methane  ab  a  red  heat,  (Berthdot),  tlius  ; 

Caaj + 2H2  =  CjH, ;  c,Ho = cn, + C + H,. 

2.    From   carbon   maovxide    and    Iiydrogeii    uiiAer   t\ie  inftatai;^ 
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3.  By  leading  sulphuretted  hydrogen  and  carbon  bisulphide  over  red- 
hot  copper ;  CSg  +  2H2S  +  8Cu  =  CH4  +  4CU2S. 

4.  Preparation  from  acetic  acid,  (Bunsen),  Sodium  acetate 
is  heated  with  baryta  or,  less  advantageously,  with  soda-lime 
(cf.  p.  38),  ethylene,  CgH^,  and  hydrogen  (up  to  8  per  cent.), 
being  formed  at  the  same  time.  Acetic  acid  may  also  be  made 
to  yield  methane  by  a  process  of  fermentation. 

5.  Methane  is  obtained  chemically  pure  from  zinc  methyl 
and  water ;  also  (see  B,  1)  by  the  reduction  of  methyl  iodide, 
CH3I,  e,g,  in  alcoholic  solution  by  means  of  zinc  in  the 
presence  of  precipitated  copper,  (the  Gladstone-Tribe  "  Copper- 
zinc  Couple  ") ;  *  also  by  the  backward  substitution  of  chloro- 
form, CHCI3,  or  carbon  tetrachloride,  CCI4. 

1  fi 
Properties.       Gas,   Sp.   Gr.   0*559   (  =  ,   see    p.  10), 

condensable  under  a  pressure  of  140  atmospheres  at  0°.  Boils 
at  -164",  and  solidifies  at  -186°.  Absorption  coefficient  in 
cold  water  about  0*05,  in  cold  alcohol  0*5.  Bums  with  a  pale 
and  only  faintly  liuninous  flame.  Is  decomposed  by  the 
electric  spark  into  carbon  and  hydrogen.  Splits  up  for  the 
most  part  into  its  elements  on  being  led  through  a  red  hot 
tube,  but  there  are  formed  at  the  same  time  CgH^,  CgH^,  CgHg, 
and,  in  smaller  quantity,  CgHg,  benzene,  CjqHs,  naphthalene, 
and  other  products.  The  first  three  hydrocarbons  just  men- 
tioned, ethane,  etc.,  behave  similarly. 

Ethane,  CgHg.  Occurrence,  In  crude  petroleum.  Con- 
stitutes, for  example,  the  gas  of  the  Delamater  gas  well  in  Pitts- 
burg, and  is  there  utilized  for  technical  purposes. 

Preparation.  By  the  electrolysis  of  acetic  acid,  (Kolhe,  1848), 
and  therefore  formerly  called  "  methyl " ;  also  from  ethyl 
iodide,  alcohol,  and  zinc  dust,  or  from  zinc  ethyl,  (FranMand), 
hence  the  name  "  ethyl  hydride."  "  Ethyl  hydride "  and 
"  methyl,"  which  were  formerly  supposed  by  Frankland  and 
Kolbe  to  be  different  substances,  were  proved  to  be  identical  by 
Scharlemmer  in  1863  by  their  conversion  into  CgHgCl. 

^  This  is  a  special  preparation  of  zinc  coated  with  copper  precipitated 
from  a  solution  of  copper  sulphate,  which  acts  much  more  energetically 
than  zinc  alone.     (Cb.  Soc.  J.  1884,  154.) 


i'n^itHm.  Gas,  condeiiBablo  under  a  prcHsuri!  of  iC>  atmo*- 
bres  at  i' ;  somewhat  more  Boliilite  than  nititliano  in  wat«r 
id  olcohoL  Burns  with  a  faintly  Iiiiiiinoits  ftatiie. 
Propane,  C^Hg.  Present  in  cnule  petroleum,  and  lii|iiid 
below  -  17°.  Fr^mration.  By  the  action  of  hyilriodic  ncid  oji 
:  or  glycerine  {Bertbdut),  thus  : 

C„H„0  +  2H5  =  CgHs+HjO; 
Acetone. 

C^HgOs  +  3H3  =  CgHg  +  3H3O ; 
Glycerine. 
Brfrom  isopropyl  iodide  with  zinc  and  hydrochloric  acid. 
Bntane,  C^Hm.      Two  isomeric  butanes  exist.      Normal 
itaae  boils  at  +  1°,  and  has  the  Sp.  Gr.  0'60  at  0° ;  isolmtane 
iilB  at  - 17°. 

Nmnal  buiane,  which  is  also  present  in  petroleum,  can  be 
jwpjired  by  the  action  of  aodiiim  amalgam  or  zinc  u|ion  ethyl 
I,  CjH^I,  (Franklaiid),  and  has  therefore  the  following 
Hmstitution  : 

CH„— CH„— CH,— CHg  (di  othjl) : 

CH,— OH,!      „         CH„— CH,      „„  -, 

+  CH3— CH,I  +  '-^^  -  CHj,— CHa  +  ■'"*^- 

Imbulane  is  formed  from  iaobutyl  iodide,  C^Hgl,  (Wurf;), 
sccording  to  B,  1,  and  also  by  the  action  of  zinc  and  water 
^n  tertiary  butyl  iodide,  (which  seo),  {Butlerow). 


Isomerism,  Numsndafure,  Ccnslilution. 

T!ie  Ismnerism   of  the   two   butanes   is   explained  on  tin 
"wmption  that  in  isobutane  the  carbon  atoms  are  not  com 
(••ned  with  one  another  in  a  "  continuous  straight  line  "  but  ii 
'"branching"  one,  according  to  the  formula  ; 
GHs 

CH— CHg,  =  CH(CH,)j, 
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which  corresponds  with  the  name  tri-methyl-methane.  (See 
below.)  The  evidence  for  this  rests  upon  the  proof  of  the 
constitution  of  tertiary  butyl  iodide,  C^Hgl.     (Cf.  p.  43.) 

These  two  butanes  are  theoretically  the  only  possible  ones 
of  the  formulae  C^YI-^q, 

All  the  succeeding  hydrocarbons  can,  according  to  theory, 
exist  in  various  isomeric  modifications.  Thus  theoretically 
three  pentanes  should  exist,  and  as  a  matter  of  fact  three  are 
known.  Of  hydrocarbons  with  six  carbon  atoms,  five  isomers 
are  possible,  and  they  are  all  known.  Of  the  nine  possible 
heptanes,  CyH^g,  the  existence  of  five  has  already  been  proved. 

The  number  of  theoretically  possible  isomers  increases  very 
rapidly  with  increasing  carbon,  so  that,  according  to  Cai/ley, 
802  isomeric  hydrocarbons  of  the  formula  CigHgg  are  possible. 

Of  these  isomers  only  one  can  be  normal,  i.e.  can  have  a 
carbon  chain  in  a  continuous  straight  line  (p.  36),  in  which 
each  of  the  two  carbon  atoms  at  either  end  are  combined  with 
three  atoms  of  hydrogen,  and  all  the  middle  ones  with  two, 
according  to  the  formula : 

CHg — (CH2)n — CHg. 

A  convenient  Nomenclature  for  the  more  complicated 
paraffins  is  arrived  at  by  making  methane  the  starting  point 
for  all  of  them,  that  carbon  atom  from  which  the  branching 
chain  emanates  being  considered  as  originally  belonging  to 
CH4,  in  which  the  hydrogen  atoms  are  supposed  to  be  wholly 
or  partially  replaced  by  hydrocarbon  radicles,  thus  : 

/CH3 
CH^CHg  =  Dimethyl-ethyl -methane. 

The  names  of  the  well  known  lower  hydrocarbon  radicles 
(alkyls)  are  also  frequently  used  as  a  basis ;  for  instance,  the 
group  (CH3)2CH  is  termed  isopropyl,  (see  Iso-propyl  Alcohol), 
hence  the  compounds  : 

^^3\,CH— CHg— CH3 :  Ethyl-isopropyl 
^^^>CH— CH<^^3.  DV-iso^To^^V 


The  boiling  points  of  the  normal  hydrocarbons  are  always 
higher  than  those  of  the  isomerB;  inileed  the  bailing  [xml 
hscomes  lowered  continuously  the  more  the  carbon  atom  chain 
is  limnchedj  i.e.  the  more  methyl  groups  are  gathered  togotlier 
ia  the  molecula 

The  CottsHtuti"H  of  tlie  higher  paraffins  can  in  mflBt  cases  only 
be  airived  at  with  certainty  from  their  syuthoticiil  formation, 
ffcj.,  normal  hntano  and  hexane),  or  from  their  ciieiiiical 
ntlation  to  oxygeuated  derivatives  whose  conKtitution  is  already 
'luown,  especially  to  tlie  ketones  and  acids.     (See  Ketones.) 

It  for  instance,  by  the  action  of  PCij^  upon  acetone,  for 
which  the  constitution  CH^ — CO — CHg  is  proved,  the  aul> 
Btance  (OH^jjCClj,  =  CH^— CCl,— CH^  (acetone  chloride)  be 
formed,  and  this  he  then  treated  with  zinc  methyl,  the  resulting 
hydrocarbon,  a  pentane,  will  have  the  constitution  (CHg},C : 

ch:>«<o1  +  ™:>^°  -  CH'>°<^m'.+^-""' 

The  same  hydrocai'bon,  tetra-methyl-methane,  ia  also  pro- 
dnced  by  the  action  of  zinc  methyl  on  tertiary  bntyl  iodide, 
{see  this  and  also  p,  43),  from  which  it  follows  that  the  coti- 
itutioD  of  the  last-named  compound  is  (CHp).,CI : 
CH,N 


OH,-^CI  +  znCH-  =  CHg-^C— OH, 
CH/  CHgX 


ml. 


And,  since  tertiary  butyl  iodide  is  converted  by  nascent 
lydrogen  into  isobutane,  the  formula  of  the  latter  ia  thus 
roved  to  be  (CHg);jCH. 

The  same  conEtitution-tormnla  far  tertiary  butyl  iodide  ia  nrriicd  at 
om  tlittt  of  tertiary  hutyl  alcohol.      (See  tlieae.) 

iZn. 
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Pentanes.  According  to  theory,  and  also  in  reality,  three 
isomeric  pentanes  exist.     (See  table.) 

1.  Noi'mal  pentane,  CHg — CHg — CHg — CHg — CHg. 

2.  Isopentane,  ^^  ethyl-isop'opylf^^  (CH3)2=CH — CHg — CHg, 
(from  iso-amyl  iodide.) 

3.  Tetra-methyl'inethane,  G(GHq)^, 

The  two  first  are  contained  in  petroleum.  (That  portion  of 
the  petroleum  distillate  which  boils^  under  0**  is  used  as  an 
anaesthetic  under  the  names  rhigolene  and  cymogene,  and 
also  in  the  preparation  of  ice.)  Isopentane  is  formed  from 
amyl-iodide,  according  to  B,  1.  For  tetra-methyl-methane,  see 
above. 

Hexanes^  CqH^^.  The  five  hexanes  known  boil  between 
46**  and  71".  Normal  hexane  is  produced,  among  other 
methods,  by  the  action  of  hydriodic  acid  upon  mannite, 
CgHj^Og,  and  also  upon  aniline,  CgH^N.  Its  constitution 
follows  from  its  formation  from  normal  propyl  iodide, 
CHg.CHg.CHgl,  and  sodium,  in  a  manner  analogous  to  that 
of  normal  butane. 

Normal  heptane,  C^H^g,  B.Pt.  98**,  is  present,  for  instance, 
in  the  ethereal  oil  of  Pinus  Sabinia,  the  Californian  nut  pine. 
It  has  a  strong  smell  of  oranges  and  produces  insensibility 
when  breathed. 

From  petroleum  have  been  separated  the  two  first- mentioned 
pentanes,  also  normal  hexane  and  an  isomer,  both  being  pre- 
sent in  the  so-called  "gasoline,"  which  is  obtained  by  the 
distillation  of  petroleum,  and  is  used  for  carbonizing  coal  gas ; 
further,  normal  Heptane,  n-Octane,*  n-Nonane,  and  n-Decane, 
besides  an  isomer  of  each,  and  in  addition  to  these  (as  also 
from  the  distillation  of  cannel  and  Boghead  coal),  a  large  number 
nominally  of  the  higher  hydrocarbons,  (Cahours,  Pelouze^ 
Warren^  Schorlemmer). 

In  all  probability  these  products  are  not  chemical  individuals 
but  an  inextricable  mixture  of  homologues  and  isomers  stand- 


*  '/'I 


Til e  petroleum  ether  and  ligroin  of  commerce  conaiat  principally  of 
the  hydrocarbona  CqHj^,  CyHjg,  and  CaBLig. 


ing  vary  near  to  each  other,  as  is  shown  by  a  cuinparisoii  with 
Uie  irtificially  prepared  nonoal  hyilroonrlwna.     (See  below.) 

7  has  prepared  the  whole  Beriea  of  normal  liydro- 
(arkms  (see  table),  from  Cj^H^^  to  O^.^H^,,,  and  also  those  witli 
27, 31,  and  35  atoms  of  carbon,  from  the  acids  C,^,  V^,  0|,|, 
ami  C,g  of  the  acetic  acid  series,  (see  these),  for  whii:h  the 
normal  constitution,  if.  non-branching  carbon  chain,  hiia  buon 
dcmouatrated ;  and  also  from  the  ketones,  CbU,„0,  which  ure 
obtained  by  subjecting  the  barhim  salts  of  these  acids  to  dry 
distillation,  either  alone  or  together  with  acetate  or  hoptoate 
tf  ealoiuni,  and  which,  as  a  consequence  of  their  mode  of  for- 
miition,  yield  normal  hydrocarbons.  (See  Ketones.)  These 
are,  from  about  C^nHj^  (M.  Pt  18°)  on,  solid  at  the  ordinary 
lem^itirature.  Upon  distillation  under  the  atmospheric  pressure, 
UiE  higher  hydrocarbons  partially  decompose  into  lowei'  ones  of 
le  formulae  C^Rints  ^nd  CoHjn*,  but  they  may  be  distilled  in 
•  racuom,  whereby  their  boiling  points  are  reduced  by  100°  or 
(See  table.) 

PetlOleum,  Enrth  OU.—Tbia  iB  prodncEd  by  the  dEconipoBJtion  of 

9  [Engla-].     It  U  found  between  Pittsburg  aod  Luke 

;   betwiieu  Lake  Erie  auil  Lake  Huron  in  Canada  ; 

b  Hauover,   HolHtein,  and  Elsosa  in  Oorniauy  ;  in  Buryitlaw  by  Dro- 

1  Galioia;   in  the  Crimoa  ;   in  the  Caucasus,   whore  the  oil 

rise  to  a  height  of  9  metres  in  summer  ;  etc. 

Itie  BpeciBo  gravity  of  tbo  Penney Ivnni an  oil,  after  purification  by 
Itutnient  with  oauitic  HOda  and  sulphuric  acid  and  subsequent  distilla- 
aiHi,  ia  0'79  to  O'Sl,  and  its  boilinj^  point  20O°~30O°.  The  Canadimi  oil 
'W  a  higher  apeuific  gravity,  and  contains  substanceB  of  a  very  ujj- 
'^mnutl  odour.     Pctroluum  has  been  u  ODrnmercial  product  aince  1848.^ 

It  must  not  be  forgotten  that  all  earth  oils  do  not  possess  a 
■Rniilar  composition.  While  the  American  oil  consists  almost 
Wtirely  of  paraffins,  recent  investigations  have  shown  that 
petroleums  from  other  sources,  especially  those  from  the 
Ciucaaus  and  Galacia,  contain  for  the  most  part  other  hydro- 
(HrlionB,  a  mixture  of  "  naphthenes  "  (CaHj^,  see  olefines  and 
iwa-hydro-bonzene) , 

Fanfi^  obtained  by  Bikheitbach  in  1830  from  wood  tar,  ia  got  by 

'The  hydrocarbons  undergo  a  eimilar  (ieeompoaition  lipoil  tacsAiTOeiA. 

-   ■  ■  -li^v-fl/,-  gg.  (iify  yields  CjHg  and  C^K^Rx. 


jot  by  1 
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the  distillation  of  lignite  or  peat.     It  also  ia  a  mixture  of  miuiy  hydio- 
carLons,  about  40  per  cent,  of  it  coueifiting  of  the  compounds  C,jH^, 

Uqnld  Paraffin  (ffewAewftfficA'fl  "Eupion")and  the  butt«r-like  Tmm- 
Ilna  are  high-boiling  distillation  products  of  lignite  or  petroleum,  and 
the  same  applies  to  many  lubricating  oils. 

Oiakerlte,  green,  brown,  and  red,  and  of  the  conBiitency  of  wax, 
melting  point  60°-80°,  is  a  natural  paraffin  found  at  Boryslaw  in 
Galicia,  at  Tscheleken  near  Baku  (also  called  Neftgil),  on  the  Caspian 
Sea,  and  forma  the  ceresine  of  commerce  when  bleached.  From  it 
there  baa  been  isolated  u  hydrocarbon  "  lekena  "  containing  2i  atotns 
of  carbon. 

Aaphalt,  or  Eortlk  Fltcli,  found  in  India,  Trinidad,  Java,  and  Caba,  is 
a  transformation  product  of  the  higher-boiling  earth  oils,  produced  by 
the  action  of  the  oxygen  of  the  aJr,  just  as  paraffin  absorba  oxygen  and 
becomes  brown  upon  prolonged  heating  in  the  air.  It  is  used  for 
cements  and  salves,  and  in  asphalting,  photo-lithography,  etc 

B.  Oleflnes  or  Hydrocarbons  of  the  Ethylene  Seriea 
(Alkylenes) :  C.H^. 


M.  Pt. 

B.Pt. 

1 

M.Pt 

B-PL 

Ethylene, 

C,H. 

-160° 

-103° 

C„H„ 

-31° 

(flfi- 

Propylene, 

U.H    . 

Trideojlene, 

t'i,H., 

23: 

Butylene  (3), 

c.hJ^ 

■(■1° 
-6° 
+  39° 
68° 
38° 

Tetmdeoylene, 
PontadGoylene, 

CijFss 
Ci,H„ 

-12- 

I12: 

24; 

Amylene  (5), 

Hejtylene, 

Haptylene, 

Cetene,         / 

C„H„ 

+  4° 
18° 

{171 

Octylene. 

125° 

Nonylene, 
Decytene, 
Undecylene, 

a 

163° 
17S° 

Melone, 

^S-m 

62° 

cX 

195° 

A  Uethylene,  CH^^,  does  nob  exist ;  whon  it  should  result, 
ethylene,  CjHj,  is  formed  iostead,  {Perrol,  BuUerow).     Thus  : 
2CH3(JL  -  2IIC1   =   C2H4. 
*  The  melting  and  boiling  points  given  from  C,H„  on,  are  those  of  the 
aonnal  bydrooarbons. 
t  {  SigniBes  boiling  point  under  15  m.m.  pieaarae. 


The  members  of  this  second  serieB  of  hydrocai-bons  differ  from 
e  parafiiuBby  con  taining  two  atoms  of  hydrogen  less  than  t  h  ese. 
In  their  physical  properties  they  resemble  the  metliane 
omolognes  very  closely.  OgH^,  CgHn,  and  C^Hg  are  gases, 
^H,o  a,  volatile  liquid,  the  higher  members  liquids  with  rising 
oiling  point  and  diminishing  mobility^  while  the  highest  are 
olid  and  similar  to  paraffins,  The  boiling  points  of  members 
f  both  series  containing  the  Banie  number  of  carbon  atoms, 
nd  whose  constitutions  are  comparable,  lie  very  close  together, 
but  the  melting  points  of  the  olefinea  are  somewhat  the  lower 
of  the  two ;  e.y.  CioH^,  M.  Pt.  21%  B.  Ft.  jl57°,  and  Ci^E^^, 
•M.  Pt.  4",  B.  Pt.  {155°, 

Most  of  the  ole£nes  are  easily  Eoluble  in  alcohol  and  ether, 
bnt  insoluble  in  water,  only  the  lower  members  dissolving 
flightly  in  the  latter.  The  specific  gravities  of  the  normal 
BB,  measured  at  the  melting  points,  rise  from  about  003 
upwards,  and  approach  with  increasing  carbon  to  a  definite 
limi^  viz.,  about  079. 

In  their  chemical  relations,  the  olefinee  difl'er  materially  from 
e  paraffins : 

(a)  By  additive  reactions.  They  combine  readily  with 
scent  hydrogen,  with  hydrochloric,  hydrobromic,  and  hydri- 
iic  acids,  with  chlorine,  hromine,  iodine,  fuming  sulphui'ic 
jid,  hypochlorouB  acid,  nitrous  acid,  and,  generally  speaking, 
jith  two  monad  atoms  or  monovalent  groups,  whereby 
wmbers  of  the  methane  seriea  or  their  derivatives  ensue; 
Ince  their  name  of  "  Unsaturated  Hydrocarbons." 


CsH5{S0,H). 


C^Hj  +  H,       = 

CjH,  +  Cl2       = 

C^H,  +  HI       -- 

CjH^  +  HjSO^  -- 
Combination  with  hydrogen  i 
le  case  of  ethylene,  by  the  aid  of  platinum  black  at  the 
rdinary  temperature,  or  by  raising  to  a  red  heat,  or  by  heating 
IB  define*  or  their  di-chlor-,  etc.,  addition  products  with  furuiug 
fdriodic  acid  and  phosphorus.  (Vf.  modes  of  formation  oi  l\iB 
'  J^tUoo&vhoBS  B  I  and  S.) 
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Ethylene  chloride,  CgH^Clg,  obtained  by  the  combination  of 
ethylene  with  chlorine,  was  formerly  called  the  oil  of  the 
Dutch  chemists,  hence  the  name  of  "  defines  "  for  the  whole 
class  of  hydrocarbons  C„H2a,  {Guthrie). 

Chlorine  adds  itself  on  more  easily  than  iodine,  but  hydro- 
chloric acid  with  more  difficulty  than  hydriodic,  bromine  and 
hydrobromic  acid  standing  mid-way. 

When  a  halogen  hydride  is  used,  the  halogen  attaches  itseli 
to  that  carbon  atom  which  is  combined  with  the  least  hydro- 
gen.    (Cf.  Substitution  Products.) 

Particular  olefines,  e.g,  isobutylene,  also  combine  slowly  with 
water  to  alcohols  under  the  influence  of  dilute  acids. 

Ethylene  combines  with  fuming  sulphuric  acid  at  the  ordin- 
ary temperature,  and  with  the  English  acid  at  160°-170°. 

(6)  By  their  capability  of  polymerizing,  especially  in  presence 

of  sulphuric  acid  or  zinc  chloride. 

In  this  way  are  formed  from  amylene,  G^iQt  in  presence  of  sulphuric 
acid,  the  polymers  CioHgo,  CigHjo,  and  C20H40,  and  from  butylene  similar 
compounds. 

(c)  By  their  behaviour  upon  oxidation.  They  are  easily 
oxidized  by  KMn04  or  Cr03,  but  not  by  cold  HNO3. 

By  this  reaction,  either  oxidation  products — (acids) — containing  less 
carbon  are  formed,  by  the  breaking  up  of  the  double  carbon  bond,  (see 
p.  49,  also  A.  197,  243) ;  or,  when  KMn04  is  employed,  no  carbon 
atoms  are  separated,  but  two  hydroxyls  are  introduced,  with  formation 
of  a  diatomic  alcohol.     (See  p.  187  ;  cf.  B.  21,  1230,  etc.) 

Modes  of  Formation,  (a)  Together  with  paraffins  by  the 
destructive  distillation  of  many  substances,  such  as  wood, 
lignite  and  coal,  and  also  by  the  distillation  of  the  paraffins 
(cf.  p.  37) ;  illuminating  gas  consequently  contains  the  olefines 
C2H4,  CgHe,  C.Hs,  etc. 

(h)  By  abstraction  of  water  from  the  alcohols,  CnHjn+iOH,  by 
heating  them  with  sulphuric  acid,  phosphorus  pentoxide,  zinc 
chloride,  etc.  When  sulphuric  acid  is  used,  an  alkyl-sulphuric 
acid,  e.g,  ethyl-sulphuric  acid,  CgH^SO^H,  is  first  formed,  and 
this  decomposes  upon  further  warming  into  alkylene  and  sul- 
phuric  acid.  This  method  is  especially  applicable  in  the  case 
of  the  lower  ijomologues.     Many  aVcoVioV^  apVW.  w?^  vcA*^  OvsJkw 


Uid  water,  even  when  only  strongly  heated  alone,  e.g.  aecoininry 
■butyl  alcohol  at  240°, 

A  caDveoient  method  of  obtaining  the  higher  oleGnea  ia  to  liisUI  thn 

ptimittc  Ethers  of  the  higher  aluuliuls  under  aomowhut  cliininiahiKl  jires- 

,  when  the  correflponding  oleliEeii  and  palmitic  acid  are  i>rodiio«l. 

;)  By  heating  the   halogen    compoutids    CJl.a^,X    with 
iloihoiic  potash,  or  by  passing  their  vapoiir  over  red-hot  linio 
or  hot  oxide  of  lead,  etc.;  sometimes  by  distillation  alone  : 
C^H,,!  +  KOH  =  Cj,H,o  +  KI  +  H3O. 
The  bromine  compounds  are  partii:utarly  suited  lor  this. 
{d)  Sometiines  from  the  haloid  oomponads  CuUau^i  t>y  abstractiun  of 
le  hulugea,  c.'j.  ethylene  from  ethyleoe  hrouiido  by  treatment  witJi 
nc :  C,H,Br,  +  Zn  =  C,H,  +  ZiiBr,. 

(e)  By  the  electrolysis  of  dibasic  acids  of  the  succiiiie  acid 
Kriea ;  thus  succinic  acid  itself  yields  ethylene  : 
C2H,(C00H),  -  C^H.  +  ^COj  +  U,. 
Other  raodea  of  formation  corroapoud  with  these  under  D  I  and  2  for 
the  pir&ffiuH. 

Cimstilution  uf  Ihe  Okfines.  For  ethylene,  produced  by  the 
tb3tr»;tion  of  two  atoms  of  hydrogen  irom  ethane,  the  following 
formnlae  may  be  given : 

CH,  CH„—  CH„ 

L     I  IL     I  III.    II 

CH=  CHj—  CH^ 

In  the  formulae  I.  and  IL,  two  free  carbon  atlinities  are 
'  »Bflnmed  in  the  ethylene  molecule.  Formula  III.  follows  from 
tiie  UBsumption  that  the  aftinity  which  becomes  free  at  each  of 
tiie  two  carbon  atoms,  upon  abstraction  of  the  hydrogen,  is 
wnplojed  in  creating  a  "  double  bond  "  between  them. 

Upon  the  taking  up  again  of  two  atoms  of  hydrogen  or 
ialiiyun,  the  two  free  aflinities  in  I.  and  U.  would  become 
koHiid  by  them,  while  in  III.  the  double  bond  would  be 
.^aged  into  a  single  one,  and  the  free  affinity  of  either 
Twbon  atom  would  be  employed  in  binding  the  two  now 
j-drogen  (or  other)  atoms. 

Now  the  ethylene  bromide  which  is  formed  by  the  addition 
'.  bromine  to  ethylene  has,  tor  reasons  wliich  wiU  \je  ^\ea 
f  eompound,  the  tiQaatitutioa  OHjBr— tlUj^r,  OQ&l 
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likewise  the  compound  obtained  by  the  addition  of  ClOH, 
i.e,  CI  and  OH,  viz.  glycol  chlorhydrin,  the  constitution 
CHgCl — CHgOH;  consequently  formula  I.,  according  to  which 
these  substances  would  have  the  constitutions  CH3 — CHBrg 
and  CH3— CHCl(OH),  is  excluded. 

Formula  III.  is  more  probable  than  formula  II. : — 

(a)  On  account  of  methylene,  CH2=,  being  incapable  of 
existence;  all  attempts  to  isolate  it  have  only  yielded  ethylene, 
CgH^  (see  p.  46),  so  that  free  affinities  probably  cannot  exist 
in  the  carbon  atom. 

(b)  Because  one  would  otherwise  expect  to  have  two  isomeric 
ethylenes,  but  all  endeavours  to  prepare  an  isomer  have 
proved  fruitless,  (Tollens  and  L,  Meyer) ;  and  further  because 
more  isomers  of  the  next  higher  homologues,  propylene  and 
butylene,  should  exist  than  can  actually  be  prepared. 

(c)  Because  the  free  affinities  to  be  assumed  according  to  II. 
are  never  found  singly,  (which  should  in  that  case  be  possible), 
but  invariably  in  pairs  only,  and  indeed  only  on  neighbouring 
carbon  atoms.  This  is  proved  from  the  constitution  of  the 
compounds  obtained  by  the  addition,  for  instance,  of  Bpg. 

It  is  therefore  to  be  concluded  that  in  ethylene  and  its 
homologues  a  double  carbon  bond,  corresponding  to  formula 
III.,  exists. 

By  this  term  "double  bond"  is  not,  however,  to  be  understood  a 
closer  or  more  intimate  combination.  The  olefines,  on  the  contrary, 
are  more  readily  oxidized  than  the  paraffins,  being  thereby  attacked 
at  the  point  of  the  double  bond.  Other  properties,  especially  physical 
ones,  also  give  indications  that  a  double  bond  between  two  carbon 
atoms  is  looser,  and  therefore  more  easily  broken  than  a  single  one. 
(Cf.  BrUhlt  ^-  3H>  162).  As  soon  as  a  hydrocarbon,  CnH2n+2)  contains 
not  less  than  three  carbon  atoms,  the  elimination  of  two  atoms  of 
hydrogen,  with  formation  of  a  hydrocarbon,  CnH2n,  can  also  be  brought 
about  by  a  method  other  than  the  formation  of  a  double  bond,  viz.  by 
the  "  closing  of  the  carbon  chain."  The  compounds  in  which  this  is  to 
be  assumed  are  sharply  distinguished  from  the  olefines,  and  are  not  to 
be  included  among  them. 


Ethylene,  elayly   oil-for7ning  (?tts,  0*^11^,  =  CW^=^^«^. 


mponnii  wbb  diacovered  in  1795  liy  four  Diitcli  cbemislfl.  Its 
'OB  establisheil  liy  Dallon. 
Furmation — sob  above.  lUumiuating  gae  generally  coritaine 
I  to  5  p.c.  of  ethylene.  The  latter  is  usually  prepared  by  heat- 
^  aliiobol  with  excess  of  concentrated  sulphuric  acid,  with 
Addition  of  sand,  a  mixture  of  equal  portions  of  the  two 
liquids  being  subsequently  dropped  into  the  evolution  flask. 
fenlphuT  dioxide,  etc.,  are  produee<l  at  the  aanie  tiuio  by 
Cecondary  reactions.  Small  quantities  can  be  conveniently 
prepared  &om  ethylene  bromide  and  zinc.  It  is  further 
formed  (instead  of  its  hypothetical  isomer  indicated  above)  by 
'iieating  ethylidene  chloride,  CH3 — CHClj,  with  sodium. 

Liquid  at  0°  under  44  atmospheres  pressure.  B.  Pt.  103°. 
Very  slightly  soluble  in  water  and  alcohol.  Burns  with  a 
Imninoua  flame,  and  forms  an  explosive  mixture  with  oxygen. 
'When  rapidly  mixed  with  two  volumes  of  chlorine  and 
set  fire  to,  it  bums  with  a  dark  red  flame,  with  formation  of 
hydrochloric  acid  and  deposition  of  much  soot.  It  is  con- 
verted at  a  red  heat  into  methane,  CH^,  ethane,  C'l,!!,,,  acety- 
leue,  CjHj,  etc.,  with  separation  of  carbon.  (See  p.  40.)  It 
eonibinea  with  hydrogen  in  presence  of  spongy  platinum  to 
ethsne,  CgHj. 

Propylene,  C^H^,  =  CH^^CH— CH3.  Only  one  propyl- 
ene belonging  to  the  olefine  group  is  theoretically  poa- 
tibla  and  only  one  is  known,  viz.,  a  methylated  etliylene, 
(see  11.  S2.)  (On  the  assumption  of  two  free  afiinitics  instead 
»  double  bond,  four  isomeric  projjylenes  would  be  possible.) 
It  isnii  be  prepared  from  isopropyl  iodide  and  caustic  potash, 
or  )>y  heating  glycerine  with  zinc  dust.  It  is  still  a  gas 
»t-40'. 

Bn^rtene,  C^Hg.  Three  butylonea  ar«  poeaible  according  to  theory, 
Mii  three  ara  kuown.  All  of  them  nra  gaaeoua,  their  boiling  points  lying 
-6°and  +  r.  Butylene  and  iiaendo-biitylene  are  derived  from 
KOrmal  bntane,  while  isobutylene  oomea  from  isobutane,  Binue  thuy 
Mterall;  combine  with  H,  to  form  these  hydrocarbons.  The  Gret, 
'l-lxitylene,  is  prepared  from  normal  ;  tbo  seuond,  ^-butyluoe,  from 
laeondary;  and  the  third,  7-butylene,  from  tertiary  butyl  ioJide  by 
^^^»iitf«D  of  oaastic  fHitasb  upon  tbcee  ;  the  last  can  nJso  te  ^irt,  Uum 

ti JUKI BBlphurh M^d.     The ieoineriam  oi  tbe  two \«i.^:j^X 
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cnes  derived  from  normal  butane  is  explained  by  the  assumption  of  a 
double  bond  at  different  points,  thus  : 

a-butylene,  CHg— CHg— CH  =  CHg ;  /S-butylene,  CHg— CH  =  CH— CPI3. 
Isobutylene  ha,s  the  formula  (0113)2= C  =  CHg.  The  behaviour  of  these 
isomers  upon  oxidation  is  in  accordance  with  the  above  formulae,  the 
oxidation  always  taking  place  at  the  point  of  the  double  bond. 

Amylene,  CgH^Q.  A  large  number  of  isomeric  amylenes  are 
known,  among  them  being  Isoamylene,  obtained  from  ordinary 
amyl  iodide  and  caustic  potash,  and  for  which  the  constitutional 
formula  (CH3)2CH — CH=CH2  (isopropyl-ethylene)  is  assumed. 

The  higher  Olefines  of  normal  constitution,  with  12,  14,  16, 
and  18  atoms  of  carbon,  have  been  prepared  by  Krafft  accord- 
ing to  method  h, 

Cerotene  and  Melene  (M.  Pt.  60")  are  obtained  by  the 
distillation  of  Chinese  and  bees'  wax.  They  are  like  paraffin 
in  appearance,  and  are  but  slightly  soluble  in  alcohol. 


Appendix.      For    the    hydrocarbon,   CgHg,    there    is    still 
another  constitutional  formula  possible,  viz. — 


CHg— CH2 


\    /         Trimethylene  (I.). 

CHg — CHg 
Similarly  for  C^Hg :    |  |  Tetramethylene  (II.). 

CHg — CHg 

CHg — CHg — CHg 


And  for  CgH^g :    |  I         Hexamethylene  (III.). 


''^^''  *  CHg— CHg— CH 


The  carbon  atoms  in  these  formulae  do  not  form  "  open  "  but 
"  closed  "  chains,  or  quasi  "  rings."  There  are  many  grounds 
for  supposing  that  such  closed  chains  exist  in  certain  com- 
pounds, (see  p.  50). 

Thus,  a  gas  isomeric  with  propylene  is  known,  which  appears  to 
correspond  with  formula  I.,  and  is  therefore  called  tri-methylene. 

Tt  is  formed  by  heating  trimethylene  bromide,  CHjjBr  -CH^— rCHgRr, 

with  sodium,   {Freund,  J.   pr.   Ch.   [2]  26,  367.)      It   combines    with 

browjno  only  with  difficulty,  but  more  easily  with  hydriodic  acid  to 

normal  propyl  JOf/ide,  C3H7I,  and,  wnlike  pTop'^\o\\<a,  \\i  \&  wot  'cAtwred 

i{y  KMnO^.     (See  Trim  ethyl  ene  and  TuVaixniUx^Wwi  Y)^x\v\>.\an^.\ 


AcrrrvLKSE  rkriks. 

T,  &  whole  serioB  of  hj-diodiirbous,  licgiiininj;  wil.h 
1  known,  which  are  obtained  by  the  ad(!ition  of 
I  to  benzene  and  its  homologuea,  eg.  hi-xa-hydro- 
oeuzene,  C,;Hj2.  Theaa  do  not  belony  to  the  elolineB,  but 
bost  iirobably  contain  closed  carbon  chains,  according  to 
mnla  III.  (See  Aromatic  HydrocarbonB. ) 
Identical  with  theiie  are — necording  to  Markowuitoff  and  Spadj/-  the 
hjilrociuboiia,  CnH,„,  mentioned  on  p.  4C,  tlie  "  napbtbeneB,"  wifich 
u  certnjri  petroleimia  (in  the  Caucasian,  Beilnleiii,  Kur- 
very  small  quantity  in  tho  Americui).  Unlike  the 
i.oleliues,  thesearenot  dissolved  by  snlphuric  acid,  Ijot  they  are  traiiB- 
I  farmed  by  nitric -sulphuric  acid  or  by  heating  with  Bulphui-  into  dcrivn- 
tives  of  aromatic  hydmuarbons,  or  iiitu  the  bydrocarbnns  thcmsGlTes 
(lee  these).  Bromine  does  not  give  aildition  products  with  them,  bat 
lets  u  a  mbsKtuent.  Those  already  deatribed  are  "  Octo-naphthene," 
C,ll„.  "  Nono-napbthene,"  CgHig,  and  the  hnmologues  up  tn  C,,!!],. 
(Cf.  B.  IS,  3I>63 ;  IB,  2234,  R.  66$ ;  SO,  18,'^U). 


C,  Hydrocarbons,  C„H5„_j:  Acetylene  Series. 
Sv,'m7aaTy. 

B.Pt. 

..„, 

jj.  rt. 

C,IT, 

rAeetrj-lene           l 
\            (Ethine)J 

(iaa. 

C^H^ 

fDoiietylidcuo      1 
I     (norm.).            / 

-!)" 

{l05"t 

{^11. 

AUylene  (Allene), 

.. 

OuHae 

/T«tradecylidone  I 

+  e° 

|l34" 

C.H. 

(Crotonylene,      1 
I    etc.  [Butinc},] 

\     (i'lintine),        / 
DiallyKHejiine), 
Heptine,  etc., 

18°' 
51° 

C„H™ 

(Uetylene),      J 

20" 

{lCft° 

/5!)° 
108° 

C,6H„ 

fOctJulecylidene    \ 
\     (norm.),            / 

Eiooaylene(mirm.), 

30" 

liipiid 

{isr 

314° 

•  The  boiling  pointB  from  C^  on,  are  those  of  the  normal  compounds. 
\  Boiling  point  under  ]5  m.m,  pressure. 

lieMj-drocarboaa  of  this  series  agajn  differ  from  thosft  o?  t\\6 
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preceding  by  containing  two  atoms  of  hydrogen  less.  In 
physical  properties  they  closely  resemble  both  the  latter  and 
those  of  the  methane  series  ;  thus  the  lowest  members  up  to 
C4Hg  are  gaseous,  the  middle  ones  liquid,  and  the  highest 
solid,  and  in  their  melting  and  boiling  points  they  do  not 
differ  to  any  extent  from  those  of  the  other  series  with  an 
equal  number  of  carbon  atoms.  The  specific  gravities  of  the 
normal  hydrocarbons  C^g,  C14,  C^g,  and  C^g,  at  the  melting 
point,  gradually  approach  with  increasing  carbon  to  a  definite 
limit  (0-80),  and  are  somewhat  higher  than  those  of  the 
corresponding  members  of  the  ethylene  series  throughout. 

In  their  chemical  relations  the  acetylenes  stand  nearer  to 
the  olefines  than  to  the  paraffins,  in  so  far  that  they  are  un- 
saturated and  therefore  capable  of  forming  addition  products. 

1.  They  combine  either  with  two  atoms  of  hydrogen  or 
halogen,  or  with  one  molecule  of  halogen  hydride  to  olefines 
or  their  substitution  products,  thus  : 

C2H2  +  Hg  =  CgH^. 

C2H2  +  HBr  =  CaHgBr  (vinyl  bromide)  ; 

or  with  four  atoms  of  hydrogen  or  halogen,  or  two  molecules 

halogen  hydride  to  paraffins  or  paraffin  substitution  products, 

thus  : 

CgHg  +  2H2    =  C2Hg  (in  presence  of  platinum  black). 

C2H2  +  2HBr  =  C2H4Br2. 

C2H2  +  2Br2  =C2H2Br4. 

Like  many  of  the  olefines,  various  members  of  this  series  combine 
with  water  under  the  influence  of  dilute  acids,  thus  allylene,  CsH4, 
gives  acetone,  CgHgO;  and  acetylene,  C2H2,  gives  crotonic  aldehyde, 
with  intermediate  foi*mation  of  acetic  aldehyde ;  and,  as  in  the  case  of 
the  oleiines,  ether -sulphuric  acids  are  to  be  assumed  here  as  inter- 
mediate products.     HgClg  ajid  other  mercury  salts  also  induce  such 

hydration  : 

C2H2  +  H2O  =  C2H4O  (aldehyde). 

C3H4  +  H2O  =  CgHgO  (acetone). 

2.  The  capability  of  undergoing  polymerization  is  also 
peculiar  to  several  of  the  acetylene  hydrocarbons;  thus, 
acetylene  is  transformed  into  benzene  upon  being  led  through 

a  red-hot  glass   tube.      This   is   an   important  synthesis  of 
benzene :  SCjHg,  =  C^H^. 


At  the  same  time  the  compounds  CyH^,  Cn)Hg,  etc.,  are 
led.      Similarly  allylene,   C^Hj,  gives  mesitylene,  CgHj^, 
a  treatment  with  sulphuric  acid  and  a  little  water.     (See 
enzene  Derivatives.) 

3.  Acetylene  and  some  of  its  homologues  react  even  at 
b  ordinary  temperature,  in  a  manner  which  is  peculiar 
)  them,  with  an  ammoniacal  Bolntion  of  cuprous  or  argentic 
Bide,  to  form  reddish-brown  or  yellow-white  precipitates, 
.  CaCu^  +  HgO;  C^Agg  +  HjO,  which  are  explosive,  and 
Irhich  are  decomposable  by  acida,  such  as  HCI,  with  regenera- 
)f  the  hydrocarbon. 
The  hydrogen  of  acetylene  can  be  replaced  by  potaRsiuni  or 
aodium;  thus,  upon  heating  the  former  with  sodium,  the  com- 
ponnda  CjHNa  and  CjNaj  are  obtained.  These  are  decom- 
poBible  by  water  or  acids  with  separation  of  acetylene. 

All  the  hydrocarbons  C„Hjb_5  do  not,  however,  give  such 
Bietalhe  compounds,  but  only  the  true  homologues  of  acetylene, 
it  those  which  contain  a  triple  bond.     (See  below.) 

CmstUuiUm..  Upon  grounds  similar  to  those  which  have 
slrettdy  been  explained  under  ethylene,  the  constitutional 
fomiila  for  acetylene,  CoH^,  is  assumed  to  be  CH^eCH, 
g  to  which  the  carbon  atoms  are  joined  together  by  a 
triple  bond. 

ir  a  compound  C^H^,  there  are  therefore  possible  the  two 
(bllowing  constitutional  formulae  : 

CItsC— CHg  and  CHs-C^OH^. 
Allyleno.  Allene. 

As  a  matter  of  fact  two  hydrocarhons  C^H^  do  exist,  only 
one  of  which,  allylene,  yields  metallic  compoimds.  It  is 
Uierefore  to  be  considered  the  tnie  homologne  of  acetylene, 
'  Wntaining  a  triple  bond,  according  to  the  first  of  the  two 
ibova  formulae,  wliile  to  allene  the  second  formula,  with  the 
t^o  double  bonds,  is  to  be  ascribed.  The  constitution  of  the 
tetfa-bromo-propanes,  which  are  formed  irom  these  by  the 
iildition  of  Br,,  agrees  with  this  conception. 
The  capability  of  yielding  metallio  compounds  is  thcTBfe\p 
e  upon  the  presence  of  the  group  — C^jH. 
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In  the  case  of  the  higher  homol^guea  iaomerism  may  be  due  either  to 
the  difference  in  position  of  the  triple  carbon  bond  in  the  molecule,  or 
to  the  presence  and  different  positions  of  the  two  double  bonds.  The 
constitution  of  a  compound  is  fixed  by  the  formation  or  otherwise  of 
metallic  derivatives,  and  by  its  behaviour  upon  oxidation.  (See  Oxida- 
tion of  the  Butylenes,  p.  52. ) 

Modes  of  formation,      1.    Along    with    the    hydrocarbons 

already  described,  by  the  distillation  of  wood,  lignite,  coal, 

etc. ;  thus  illuminating  gas  contains  acetylene,  allylene,  and 

crotonylene. 

2.  By  treating  the  haloid,  preferably  the  bromine,  com- 
pounds CnHgnXa  and  CnHgn.iX  with  alcoholic  potash  : 

C2H4Br2  =  C2H3Br  +  HBr. 
CgHgBr  =C2H2     +HBr. 
Further,  from  the  unsaturated  alcohols  CnHa^O.     (See  p. 
48  (b). 

3.  By  electrolysis  of  the  acids  of  the  fumaric  acid  series,  {Kehuli), 

Acetylene  is  further  formed  : 

4.  From  its  elements,  when  an  electric  arc  is  caused  to  pass 
between  two  carbon  poles  in  an  atmosphere  of  hydrogen. 

6.  By  decomposing  CgCa  or  C2K2  by  water. 

6.  By  the  incomplete  combustion  of  many  carbon  com- 
pounds, for  instance,  when  the  gas  in  a  Bunsen  lamp  bums 
below. 

7.  From  chloroform  and  sodium  (or  red-hot  copper) : 

2CBC]8  +  3Na2  =  CH=CH  +  6NaCl. 

8.  From  ethane,  ethylene  and  methane  at  a  red  heat,  or  by 
the  action  of  the  induction  spark.     (See  pp.  40  and  51.) 

9.  By  heating  with  dry  potash  on  the  one  hand,  and  with  sodium 
on  the  other,  certain  acetylene  hydrocarbons  are  transformed  int'» 
isomers. 


Acetylene,  C2H2. — Was  first  obtained  impure  by  E.  Davy  fi-oni 
CaC2  in  1839,  and  pure  by  Berthelot  in  1849.  Illuminating 
gas  contains  0*06  per  cent.  Is  best  prepared  from  ethylene 
bromide.  It  becomes  liquid  at  1**  under  a  pressure  of  48 
atmospheres,  burns  with  a  luminous  and  very  sooty  flame,  and 
has  a  peculiar  disagreeable  smell.  Dissolves  in  its  own 
volume  of  water  and  in   ^th  of  its  -voVvmae  oi  «X<i.QVkftL     la 


Oiaonous,  combining  wJtli  the  hncnioglolrin  of  the  blood. 
It  18  decomposed  into  its  elementB  witli  detonation  by 
axfilosive  fulmiaate  of  silver,  and  also  hj  the  electric  apark. 
It  cnmliraeB  with  hyilmgen  to  ethane,  upun  baing  heated  with  the 
Litter  in  presence  of  platinum  black,  or  to  ethylane,  upon  treating  iti 
eopper  ooinpoomi  with  i!ina  sntl  aoimonia.  A  miitnre  of  acetylene  and 
ixploiiea  violently  when  a  light  is  applied  to  it.  Cbroiiiio  acid 
Diidizea  acetylene  tu  auetic  acid,  and  permanganate  of  potash  to  oxalic 
acid.  It  combines  with  nitrogen  under  the  influence  of  the  induction 
■park  to  hydrocyanic  acid  (see  this),  and  detooateB  upon  being  mixed 
with  ehlorine,  but  additive  products,  f.,g,  C,HjClj,  can  however  be 
prepared.  Aa  little  aa  ^  tnilligramtne  of  it  can  be  detected  by  the 
fnnnation  of  the  dark-red  copper  componnd  CiCUj  +  Hal),  pprhnpa 
Ctt— Cn— Uu(OH).  This  latter  explodes  when  rtruck,  or  when  heated  tn 
iHttle  over  100°. 

jUlylene,   CJl,,  -  CH3— C  =  CH,    can  be  prepared  from    propylene 
bromi.le,  CjH.Bfj,  =  (CHa— CHEr_CH,Br). 

~     =  CHj=C=CH„  is  obtained  by  the  electrolysis  of 


r  Bntlne,  CH,=  CH— CH  =  CHj,  is  ocntauied  in  illumi- 
can  be  prepared  by  the  action  of  hydriudio  acid  upon 


ilacDoic  acid. 

Orotonyleae  0 
Bating  gas,  and 
Hyl.hiitej  it  iai 

CMotcWn  (obtained  by  the  dry  distillation  of  caoutchouc).  Pyrroly- 
leae,  C^,  from  pyrrolidine,  is  probably  identical  with  the  butine  from 
uythrite.     (See  Pyrrolidine,  and  also  B.  IB,  20TT.) 

Wptiyieiie,  CbHb,  =  CHj=CH— CHa-CH  =  CHj,  isa  hydrocarbon 
obtuneil  from  piperidiue.     (B.  16,  S06!l.) 

iMpwne,  JJenii-lrrpeKf,  VairryUne,  C^H^  B.  Ft.  38°,  is  another 
bjdrnciiibon  closely  related  to  the  terpenes,  into  which  it  goes  by 
polynjcriaition.     {See  limoiiene.) 

I»-»!Iyl  or  Hezine,  C„H,„  =  OHj^CH— CH;— CH,— CH  =  CH^,  is 
got  from  allyl  iodide  and  metallic  sodinm;  ]i.  Pt.  CD  .  Has  a  i«notraLing 
etliCTsal  mid  rndiah-like  odour.     Gives  no  metallic  compounds. 

dwylena,  CjHn,  (probably  lao-propyl- piper jlene),  B.  I't.  IM",  is  prc- 
pireilfromcoriine.     (B.  14,  710,) 

Hit  higher  hyarocartions  of  thin  series,  containing  12,  14,  1(1,  and  IS 
■tfflni  of  carbon  in  the  molecule,  have  been  prepared  by  Krajp  from 
tbfi  QirreBpouding  oloGncs,  accoidiDg  to  method  2. 

bwueric  with  these  hydrocarbons  are  oertiun  hydro- derivntivcH  of 
wonoBo  hydrocirbons,  e.g.  tetra-hydro-xylene,  CjBj^ ;  dcca-liydro- 
wiphUiillwie,  C,t,HiB.     (See  Aromatic  Compounds.) 

D,  Hydrocarbons,  C„}i.„,.i  and  0„'H.i„_^ 

^ibebydrocaj-boaa  still  poorec  in  hydrogen  may  bo  luentioiifea.— 
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a.  CnH2n.4:  Plrylene.  CgHg  (from  piperidine.  B.  15,  1024.)  The 
homologues  of  this  have  received  the  termination  "one,"  eg,  Hexone. 

h.  C,H2n-6:  Di-acetylene,  C4H2,  =  CH=C— C=CH.  This 
is  prepared  by  heating  the  ammonia  salt  of  di-acetylene-di- 
carboxylic  acid,  (see  this),  with  ammoniacal  copper  solution, 
whereby  it  is  transformed  into  the  Cu-com  pound  of  di- 
acetylene,  and  then  warming  this  with  potassium  cyanide..  It 
is  a  gas  of  a  peculiar  odour,  which  yields  a  violet-red  copper 
compound  and  a  yellow  silver  one,  the  latter  exploding  upon 
being  rubbed,  even  when  moist.     {Baeyer,  B.  18,  2269.) 

Di-propargyl,  C^Rq,  -  CH=C— CH2— CH2— C=CH,  is 
obtained  by  the  addition  of  bromine,  2Br2,  to  di-allyl,  CgHjQ,  4 
molecules  HBr  separating;  B.  Pt.  85*.  It  gives  copper  and 
silver  compounds,  and  takes  up  8  atoms  of  bromine,  etc.  It 
possesses  an  especial  interest  from  being  isomeric  with  benzene. 

Likewise  isomeric  with  the  latter  is  the  hydrocarbon 
CH3— G=C— C=C— CH3.     (B.  20,  R.  564). 

Tropilidene,  C^Bs,  B.  Pt.  114",  from  Tropine.     (A.  217,  133.) 

II.  HALOID    SUBSTITUTION   PRODUCTS 
OP  THE  HYDROCARBONS. 

(See  p.  20  and  Table,  p.  60.) 

A.  Halogen  Derivatives  of  the  Paraflans. 
General  Properties. — Only  a  few  of  these  compounds,  e.g. 
CH3CI,  C2H5CI,  and  CHgBr  are  gaseous  at  the  ordinary  tem- 
perature, most  of  them  being  liquid,  and  those  with  a  very 
large  number  of  carbon  atoms  in  the  molecule  solid.  Such 
also  as  contain  a  large  number  of  halogen  atoms,  e.g,  CI^, 
CgClg,  are  solid  ;  among  these  come  first  the  iodine  compounds 
which,  under  similar  conditions,  also  possess  considerably 
higher  boiling  points  than  the  analogous  bromine  compounds, 
and  these  again  higher  than  the  chlorine  ones ;  for  instance, 
C2H5I,  B.  Pt.  72^  CgH^Br,  B.  Pt.  39^  and  C^H^Cl,  B.  Pt.  \2\ 
Under  comparable  conditions,  the  boiling  points  of  the  iodides 
lie,  for  each  atom  of  halogen,  about  50",  (40*'-60*'),  and  those  of 
the  bromides  about  22°,  ( 20*^-24*'),  above  those  of  the  chlorides. 
The  Jo  west  members  of  the  seriea  \iav^,  m  ^-^  \\q^\  Wisjl, 


1  first  a  higher  specific  gravity  tliau  water,  e.g.  (,'l  1^1,  Sp.  Or, 
M,  CaHjBr,  Sp.  Gr.  1-47.  With  increaaing  carlion,  howi'vor, 
ftey  become  more  like  the  parafiins,  the  inHucnci;  of  the  hulogeii 
diminiahing,  and  consequently  lighter  than  water. 

The  halogen  substitution  produeta  of  the  hydrocarhona  ai't' 
Jlmost  or  quite  inaoluble  in  water,  but  easily  sohiblo  in, 
ind  therefore  miscible  to  any  extent  with  alcohol  and  ether, 
ud  also  soluble  in  glacial  acetic  acid.  They  often  poBsess  a 
iweet  ethereal  odour,  but  this  becomes  leas  marked  with 
Sniinishing  volatility.  Moat  of  them  are  combustible  ;  tlius 
taettijl-  and  ethyl  chloride  bum  with  a  green -bordered  flame, 
while  ethyl  iodide  and  chloroform  can  only  be  act  fire  to  with 
idifficulty.  Many  membera  of  the  seriea  containing  1  or  2 
i  of  c-irbon  produce  insensibility  and  unconsciousness 
Whea  inhaled,  6.g.  CHCI,,  C^HgCIs,  CjH.Br,  and  C,,HC!1,. 

In  all  these  conipounda  the  halogen  is  more  firmly  bound 
than  in  inorganic  salts,  so  that,  for  instance,  when  silver 
nitrate  is  added  to  an  alcoholic  solution  of  the  chlorine  com- 
pound, (.ij,  chloroform,  it  causes  no  precipitation  of  AgCl. 
Keverlhelesa,  the  halogen  is  in  most  cases  easily  exchangeable 
for  other  elements  or  groups,  a  circumstance  of  the  utmost 
importance  for  many  organic  reactiona.  This  is  especinlly 
tne  for  the  iodine  and  bromine  compounds,  which  react  more 
readily  than  the  clilorides,  and,  on  accoimt  of  their  lesser 
TOlttUlity,  are  easier  to  work  with ;  thus  C^H^Br  reacta  with 
AgNOj  at  the  boiling  temperature,  and  C^H^I  in  the  cold  even. 
In  all  halogen  compounds,  the  halogen  can  be  again  replaced 
by  liydrogen  by  backward  substitution,  e.g.  by  Na  amalgam, 
kj  zinc  duat  and  hydrochloric  or  acetic  acid,  or  by  iieatiiig 
with  hydriodic  acid.     (See  p.  37,  B,  1.) 

Of  fluorine  componnda,  only  a  few  are  known  ns  yet ;  CH^F 
■nd  CjHjF  are  gases. 

Miida  of  farvmlmi. — 1.  By  Snbatitution.      Ciilorine   and 
Itmmine  act  for  the  most  part   as  direct  substituonts,   (i 
p.  35.)    With  the  gaseoua  hydrocarbons  their  action 
"*«  wld  is  an  extremely  energetic  one,  {e.g.  chlorine  mixed 
*itli  wetbaDe  easUy  aaases  aa  explosion,  ao  that  dilution 
^jjiueeaaaij-J;  tie  higher  membem  retjuire  to  ba ■heaAAsd. 
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►■MODliS   OF  FORMATION. 

Tha  first  halogen  atom  antcrs  most  a.isily  into  the  cQuipniunt,  tlie 
niatitiition  beuoming  more  iliffioult  as  tlio  numlier  of  thu^u  uCuins 
[resent  increiwca.  In  the  ca.se  oF  the  higher  bydmcurboiia  there  usuiklly 
Ksali  two  iBomeiic  njODO-aubatitntion  proclactB.  The  action  of  thu 
luingena  is  further  facilitated  by  sualight,  and  by  the  presence  nF 
iodiuB,  this  latter  acting  &a  n.  carrier  of  cliloriDe  by  the  altetuate  Fortaa- 
KoB  of  ICI3  and  lUI,  thua  :  ICl,  =  ICl  +  Clj.  Antimony  peutnchloriile 
<Qii  similar  ohloridoB  act  iu  tho  bume  way,  and  also  Ferric  chloride,  tliia 
Wbeiii^  CTniiieutly  sni table  For  brominating  or  indatiag.  (B.  IB,  2017  ; 
A.  aai,  195.)  When  it  is  wanted  to  chlorinatu  completely,  the  siili- 
ttance  in  question  ia  repeatedly  saturated  with  chlorine  in  prosctica  rif 
iodine,  and  heated  in  a  tahe  to  a  high  temperature. 

From  methane  ore  formed  the  whole  Beries  uE  substitutiun  products 
op  to  CCIj. 
Ethane  first  yields  ethyl  chloride,  CjHgCl,  then  ethyliiienu  cbloriile, 
^,C)j,  and  so  on  up  to  C,C1b. 

ftom  propane  is  first  produced  normal  propyl  chloride,  CjH,Ci,  and 

ly  C^'g.     The  latter  decomposes,  upon  vigorous  chlaiitiiLtion,  first 

CgCI,  and  CCli,  and  the  perchloro  ethane  auhaeii^iiently   into   2 

niQlecules  CClj.     On  chlorinating  butane  and  the  higher  hydrocarbons 

strongly,  an  analogous  splitting  up  of  the  molecule  is  effected.     CBr^ 

■ad  other  aimilar  compounds  ore  transformable  into  bromo-derivutives 

1^1  tienzene. 

B  Iodine  seldom  acta  ae  a  direct  substituent,  since  Ijy  this 
poaction  hydriudie  acid  would  bo  formed,  which  would  then 
Bubatitute  backwards.  {See  p.  37.)  To  induce  tho  action 
therefore,  tlie  HI  formed  must  bo  removod  by  HIO,,  or  llgO, 
Tlie  iodine   substitution   products    of  the  hyJrouurbons   mf. 

Pually  prepared  indirectly,  (according  to  2  or  3). 
3.  From  Unsaturated  Hydrocarbons.  Thega  combine  itudily 
ith  halogen  or  halogen  hydride.     (See  p.  47. ) 
It  stands  to  reason  that  no    methane   derivatives  can  be 
fotined  in  this  way. 

Ethylene  ijives  with  hydrochloric,  hydrobroraie,  and  iiydri- 
'^ic  acids,  ethyl  chloride,  etc.,  ie.  mono-substitution  prodncta 
">f  etliane;  with  chlorine,  etc.,  it  gives  di-aubstitntion  products. 
'  The  compound  0^,11^0^,  obtained  by  tho  action  of  chlorine, 
1*  lajled  ethylono  chloride,  and  is  isomeric  witli  tlie  ethylidene 
•(illloride  got  by  the  further  chiorination  of  GaHjUl,  (For  un 
l"«plaiiation  of  this  isumorism,  sBO  p.  67.) 

liiNueB    with    )j/tIriodic    acid    W    \sov«''V'J^ 
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iodide,  C3H7I,  which  is  reconverted  into  propylene  by  separa- 
tion of  HI.  But  the  same  propylene  results  from  a  compound 
isomeric  with  isopropyl  iodide,  viz.,  normal  propyl  iodide, 
(and  also,  of  course,  from  the  above  mentioned  normal  propyl 
chloride),  by  the  splitting  off  of  hydriodic  (or  hydrochloric) 
acid,  so  that  by  this  reaction  normal  propyl  iodide  can  be 
transformed  into  isopropyl  iodide.  (See  p.  65.)  From  the 
three  butylenes  there  result  similarly  two  butyl  iodides,  viz., 
secondary  and  tertiary,  which,  as  well  as  the  two  other  exist- 
ing butyl  iodides,  yield  these  butylenes  again  with  alcoholic 
potash  ;  in  this  way  the  two  last-mentioned  butyl  iodides  are 
convertible  into  their  isomers,  the  two  first,  (see  p.  66). 

A  study  of  the  constitution  of  the  compounds  formed,  shows 
that  in  these  addition  reactions  the  halogen  invariably  affixes 
itself  to  that  carbon   atom  with   which   are   combined   the 
^  smallest  number  of  hydrogen  atoms,  e,g, 

CH3— CH=CH2  +  HI  =   CH3— CHI— CH3, 
{not  CH3— CH2— CHgl) ; 

from  CgH^X  onwards  therefore,  there  result  only  "  secondary  " 
and  "  tertiary  "  *  compounds. 

3.  From  Gompounds  containing^  oxyg^en. 

{a)  From  the  alcohols  CnHgn+iOH.  In  these  the  OH  is  readily 
exchangeable  for  chlorine,  bromine,  or  iodine  by  the  action  of 
halogen  hydride,!  thus  : 

C2H5OH  +  HBr  =  CaHgBr  +  HgO. 

In  the  action  of  these  acids  a  state  of  equilibrium  is  reached, 
since  the  above  reaction  cau  go  on  in  exactly  the  opposite 
direction ;  it  is  therefore  necessary  either  to  use  a  large  excess 
of  halogen  hydride,  {e.g.  to  saturate  with  the  gas  or  to  heat  in 
a  sealed  tube),  or  to  remove  the  water  formed,  by  sulphuric 
acid,  zinc  chloride,  etc. 

*  The  names  "primary,"  "secondary,"  and  "tertiary"  compounds 

are  foimded  upon  those  of  the  alcohols — primary,  secondary,  or  tertiary 

— in  question,  from  which  they  can  be  prepared  according  to  method  3. 

f  In  such  exchange  the  halogen  takes  the  place  of  the  hydroxy],  so 

tlmt  the  constitution  of  the  haloid  product  corresponds  with  that  of  the 

alcohol  used. 
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Methyl-  and  ethyl  chlorides  are  easily  prrpareil  liy  ilietil- 
ling  the  correspond ing  alcohol  with  common  salt  and  Biil|jiiut'ii^ 
stid,  or  hy  leading  hydrochloric  acid  gas  into  the  waniu'd 
fdeohol  contaiiiing  half  its  weight  of  zinc  chloride  in  eolution, 
{Grow,). 

The  chlorides  of  phosphorus  are  also  applicahlo  for  the  sub- 
slitution  of  OH  by  CI,  since  they  react  in  the  same  way  with 
alcohols  as  vrith  water,  thus  : 

PCI3+3HOH      =     P(OH)3  +  3HCI. 
PCI3  +  3C2H5OH     =     P(0H)3  +  3CjH,Cl. 
Phdsphonis  pentachloride  ie  most  frequently  used  for  this 
pnrpoBe,  going  as  a  rule  into  the  oxychloride  : 

PCls  +  CaH.OH   =   C,H;,C1  +  HC]  +  P0CI,. 
Phosphorus  oxychloriile  itself  is  also  sometimes  emiiloyed. 
Of  especial  importance  here  is  the  application  of  the  halogou 
compounds  of  phosphorus  in  the  production  of  bromine  and 
iodine  compounds.     The  former  need  not  be  prepared  before- 
hand, Ihe  end  being  achieved  by  gradually  bringing  phosphorus 
and  iodine  or  bromine  together  in  presonco  of  the  alcohol : 
3CH„0H  +  P  +  31  =  3CH„I  +  HgPOj. 
(i)  From  the  polyatomic  alcohols,  halogen  substitution  pro- 
ducts are  also    obtained,  e.g.  tri-chlorhydrin,  CgHjCla,  from 
gifcerine,  CaH£(OH)B,  and  PClj  j  isopropyl  iodide,  C^H,!,  or 
altyl  iodide,  CjHjI,  from  glycerine  and  HI,  ie.  I  and  P, 
awwding  to  the  conditions  of  the  experiment  (see  p.  fi5); 
heiyl  iodide,  C^HiJ,  from  mannite,  C^Ha(OH)u  and  HI,  the 
Utter  acting  here  as  a  reducing  agent  also. 

n  aldcbjdea  oiid  ketonuB,  {see  thesii),  di-clilui'd-siilistitHtion 
pwniuoto  result  by  the  action  of  PCIj,  e.g.  otliylone  c^blorido,  CjH^CIb 
'rom  Jdohyde,    CJlfi ;    ucetone   chloride,    C^H^l^,    from    auetone 

HihigeQ  BDbatitutioii  produota  are  also  occasionally  prepared  from 
•oil  by  tbe  exohauge  of  O  and  OH  for  three  CI  atoms. 
t  Chlorine  and  bromine  compounds  are  freijuently  formed 
Bthe  corresponding  iodine  or  bromine  ones  by  driving  out 
"le  Weaker  halogen  from  its  combination  by  the  stronger  one, 
'•J-  isopropyl  bromjilo  From  the  iodide,  or  methylene  ^«'^■^^v^&.e 
vethyleiio  ioiUilc.     CuDvorstily  tliu  chlorine  aiiA\ii:oumi6 
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compounds  may  be  transformed  into  the  iodine  ones  by  heating 
with  sodium  iodide  (in  alcoholic  solution,  see  B.  18,  619), 
potassium  iodide,  dry  calcium  iodide  (B.  16,  392),  or  with 
fuming  hydriodic  acid. 

5.  For  special  modes  of  formation,  see  the  compounds  CH3CI,  CHCI3, 
and  CHI3. 


Mono-substitution  Products. 

Methyl  chloride,  CH3CI,  {Dumas  and  Feligot,  from  CH^O, 
1836).  Prepared  from  methyl  alcohol,  ZnClg,  and  HCl  (see  p. 
62);  also  by  distilling  the  "vinasse"  of  the  sugar  manu- 
factories, and  heating  the  tri-methylamine  hydrochlorate 
obtained  to  360*,  (Vincent).  Colourless  gas  with  an  ethereal 
odour.  B.  Pt.  23^  Slightly  soluble  in  water  (4  volumes 
in  1  volume  water),  but  more  easily  in  alcohol.  Is  used  for 
the  production  of  artificial  cold,  for  extracting  perfumes  from 
flowers,  and  for  methylating  dyes  in  the  colour  industry. 
Burns  with  a  green-bordered  flame. 

Methyl  bromide,  CHgBr,  (Bunsen,  from  cacodyl  compounds, 

1844).      Prepared  from  methyl  alcohol,  P  and  Br.      B.  Pt. 

+  4-5" ;  Sp.  Gr.  1  '73  at  0** ;  has  a  pleasant  ethereal  odour  similar 

to  that  of  methyl  chloride  and  of  chloroform  and  a  burning 

taste,  and  burns  with  difficulty,  with  a  greenish-brown  flame. 

Methyl  iodide,  CH3I,  (Dumas  and  Feligot),  Prepared  from 
methyl  alcohol,  P  and  I.  B.  Pt.  44° ;  Sp.  Gr.  2-27  at  25^  Is 
not  easily  set  fire  to.  When  it  is  heated  with  16  volumes  of 
water  to  100",  methyl  alcohol  and  hydriodic  acid  are  pro 
duced. 

Ethyl  chloride,  GgHgCl,  (BasUius  Valentinus :  "  Spiritus 
salis  et  vinis,"  or  "sweetened  alcohol").  Prepared  by  the 
action  of  CI  on  CgHg,  (Schorlemmer ;  cf.  p.  40).  For  Groves' 
method  (1874),  see  p.  63.  Is  formed  as  a  bye-product  in  the 
manufacture  of  chloral.  Easily  compressible  gas;  B.  Pt.  +  12". 
Burns  with  a  green-bordered  flame.  Can  be  easily  preserved 
in  alcoholic  solution  (1:2). 
Ethyl  bromide,  C^jH^Br,  (ScruUas,  I^^IY    "S^x^^^t^^  Hxvi\s 


airohol  with  P  aud  Br,  or  with  KBr  +  H^SO,.      Bums  with  a 

lieaiitiful  green  Bmokeleaa  flame,  emitting  bromine  vapours. 

Ethyl  iodide,  C^HfjI,  (Gay-Lusaac,  1815).  Is  beat  prepared 
from  90  per  cent,  alcohol,  P  and  I.  Colourless  li(|iu(l  with  a 
.peculiar  ethereal  smell,  somewljat  resembling  that  of  leeks. 
RPt.72°;  Sp.  Gr.  l-9i.  Almost  insoluble  in  water,  but  mia- 
cible  with  alcohol  and  ether,  and  difficult  of  ignition.  Heated 
iritii  water  to  100°,  it  is  converted,  analogously  to  methyl 
iiiJide,  into  CjHgO  and  HI.  Chlorine  converts  it  into  CjH,,Cl, 
3  into  C^H^Br.  When  exposed  to  light,  iodine 
wparates  with  formation  of  GjHjo-  It  ia  used  for  inhalation  in 
Nfesof  aethma. 

Of  Propyl  chloride,  -bromide,  and  -iodide,  C^H^X,  two 
Uomere  each  exist,  the  normal  propyl  and  the  isopropyl  com- 
!,  the  former  boiling  at  a  somewhat  higher  temperature 
dan  the  latter.  To  the  normal  compounds  the  constitutional 
fcnnula  CHg— CHj — CH^X  is  ascribed,  and  to  the  iso-oom- 
pounds  the  formula  CHj — CHX — CHj,  since  they  are  derivable 
Wapectively  from  normal  propyl  alcohol  and  from  isopropyl 
;l]ix)hol  or  acetone,  substances  whose  constitution  is  easily 
wrived  at. 

According  to  theory  only  these  two  cases  are  possible,  since 
JPoi«ne  contains  but  two  kinds  of  hydrogen  atoms,  viz.: — (1)  six 
oomljined  with  the  em!  carbon  atoms,  and  (2)  two  combined 
witli  the  middle  ones.  For  the  tranHformation  of  the  normal 
nitfl  tile  ISO -rompounds,  see  p.  62. 

Normal  propyl  chloride,  see  p.  61,  also  table,  p.  GO. 

Normal  propyl  bromide  only  goes  partially  into  isopropyl 
'to«mide  at  2S0°,  but  when  heated  witli  Al^Iir^  the  transfor- 
■Dutiiin  is  direct,  an  intermediate  Al-compound  being  formed 
\K'hU,  Sck-rolier). 

Isopropyl  iodide  is  prepared  from  glycerine,  phosphorus, 
»iidiodine(see  p.  63);  ally  I  iodide  is  formed  as  intermediate 
Jwduct,  and  at  the  same  time  some  propylene  : 

C3Hj,(0H)j  4-  3HI  i  C^H  Ja  =  CsHjI  + 1,. 
C^H^I  +  HI    =C,lI^-i-l,. 
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Normal  propyl  iodide  is  got  from  the  alcohol. 

The  Butyl-haloid  compounds,  C4H9X,  are  already  known 

each  in  four  isomeric  forms,  which  in  part  differ  materially 

from  one  another  in  boiling  point,  (up  to  30°). 

As  a  matter  of  fact  four  isomers  are  theoretically  possible.  Thus  from 
normal  butane  are  derived  : 

(a)  CHj-CHa— CHa— CH2I,    and   (6)  CHg— CH2— CHI— CHg. 
Normal  butyl  iodide.  Secondary  butyl  iodide. 

{Linfiemann, ) 

In  these  hydrocarbons  also  there  are  two  kinds  of  hydrogen  atoms,  (a) 
those  connected  with  the  end,  and  (b)  those  with  the  middle  carbon  atoms. 
From  tri-methyl-methane,  CH  =  (CH3)3,  are  similarly  derived 

(c)  ^]^3;>CH— CHaX,        and        ^]^3;>CX— CHj. 

Isobutyl  iodide.  Tertiary  butyl  iodide. 

( Wurtz, )  {BtUlerow. ) 

The  constitution  of  these  four  compounds  follows,  among  other 
reasons,  from  those  of  the  four  corresponding  butyl  alcohols,  (p.  84), 
from  which  they  can  be  prepared  by  the  action  of  halogen  hydride  (HI). 

As  regards  the  transformation  of  a  into  its  isomer  6,  and  of  c  into  c2, 
see  p.  62.  Isobutyl  bromide  changes  into  the  tertiary  compound  by 
simple  heating  to  230'*-240°,  which  is  to  be  explained  by  the  inter- 
mediate formation  of  butylene. 

The  Isobutyl  compounds  are  the  easiest  to  prepare,  (from  isobutyl 
alcohol).  The  Tertiary  readily  react  with  HgO  to  form  the  alcohol  and 
halogen  hydride,  this  taking  place  even  in  the  cold  in  the  case  of  the 
iodide.     For  the  constitution  of  tertiary  butyl  iodide,  see  also  p.  43. 

Of  the  Isomers,  CsH^iX,  e.g.  amyl  chloride,  eight  are  theoretically 
possible.  Six  chlorides  are  actually  known.  Of  special  interest  are 
Iso-amyl  chloride,  bromide,  etc.,  compounds  which  are  obtained  from 
iso-amyl  alcohol,  and  to  which  the  constitution  (CH3)2=CH — CHg — CHgX 
is  assigned. 

Further,  analogous  compounds  with  from  6  to  12  and  even  more,  e.g. 
16  and  30,  carbon  atoms  are  known.  A  secondary  hexyl  iodide, 
CHg — (CH2)3 — CHI — CH3,  is  got  from  mannite  or  dulcite  with  HI  and  P, 

Cetyl  bromide  and  -iodide,  CigH33Br  and  CioHsgl,  are  liquids  which 
solidify  at  a  moderate  temperature. 

2.  Di-substitution  Products. 

Methylene  chloride,  CH2CI2,  Methylene  bromide,  CHgBrg, 

and  Methylene  iodide,  CH2I2,  are  colourless  liquids  which 

one  obtains  either  from  the  tri-\ialoid  «v3[V>«X\\.\jL\AWi  ^^o^^Xa 
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\j  backward    sobstitution,    or  from    the    mono-substitution 

prodacts  by  the  introduction  of  more  halogen.     (Soe   table, 

p,BO,) 

'  Tie  eompounda  C^H^Xg  are  known  in  two  isomeric  forms, 

to  which  are  afisigned  the  constitutional  formulae  : 

CHaX— CH,X  and  CH,— CHX,, 

Etiiylene  oompciuiids.  Ethylidene  ooinpoundB. 

The  former  result  from  the  addition  of  halogen  to  ethylene,  or 

fTDRi  the  action  of  halogen  hydride  or  halogen   phosphorue 

upon  glycol,  C2H,(0H)j,  (see  this). 

Ethylene  chloride,  CaH^Clj,  (oil  of  the  Dutch  chemiatB, 
1"!!5),  B.  Pt.  84'. 

Ethylene  bromide,  C^HjBr^,  (Baiard),  is  prepared  by  lead- 
ing ethylene  into  cold  bromine,  and  has  a  pleasant  odour 
like  that  of  chloroform.  M.  Pt.  +9°;  R  Pt.  ISl" ;  Sp.  Gr. 
.>2.  Crystallizes  in  the  cold.  Yields  glycol,  C2H^{OH)3,  upon 
frolonged  heating  with  excess  of  water  to  100°,  or  with  K^COj,, 
Ethylene  iodide,  C^H^I^,  is  solid  and  easily  decomposable, 
These  compounds  yield  acetylene  with  alcoholic  potash,  and 
,ite  transformed  into  glycol  by  exchanging  their  halogen 
'lto(M  for  hydroxyL  Now,  from  the  relation  of  the  latter  to 
,!glycol  chlorhydrin  and  mono-chloracetic  acid,  it  has  the  con- 

CH„— OH 
Jtitution    ■  ;  consequently  in  ethylene  chloride,  etc., 

the  two  halogen  atoms  are  combined  with  different  atoms  of 
Dubco. 

The  following  foruia  more  special  proof  of  the  above  statenient : 
Ithylene  cbloride  can,  by  ejtehimge  of  CI  for  OH,  be  traiiBfonued  iiito 
j^«)l  chlorhydrin,  (which  is  olao  farmed  from  glycol  and  UC'l),  and 
Itldi  aa  then  be  uxidixed  to  luouu-chlorooetic  acid, 
CjH^Olftj  =  CH/:;!— COOH, 
deeOiifl).  Since  in  the  lutter  the  OH  and  CI  axe  bound  to  difforent 
nrboa  atoma,  the  same  must  be  tho  casu  in  glycol  chlorhydrin,  and  also, 
iv  the  CI  atoms,  in  ethylene  chloride. 

The  Ethylidene  compounds  are  obtained  from  aldehyde, 
(pant-aldehyde),  bj-  exchange  of  the  oxygen  for  \io,\og,Qn  \>'J 
of pbosphuras  chloride,  etc. 
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Ethylidene  chloride,  also  called  ethidene  chloride,  is,  how- 
ever, most  conveniently  prepared  with  phosgene,  COClj, 
thus  : 

CH3— CHO  +  COCI2  =  CHg- CHCI2  +  CO2. 
It  is  also  formed  by  the  further  chlorination  of  CgHgCl,  and  m 
a  bye-product  in  the  manufacture   of  chloral.      Its  boiling 
point  (57**)  is  lower  than  that  of  ethylene  chloride  (84°).     It 
is  an  anaesthetic. 

Propylene  chloride,  etc.,  CsHgCl^,   -Brg,   -I2,  are  likewise  known. 
They  result  partly  upon  the  addition  of  halogen  to  propylene,  and  hav» 
then  an  unsymmetrical  constitution,  e.g.  propylene  chloride, 

CH3— CHCl— CH2CI. 

Isomeric  with  them  are  the  symmetrically  constituted  Trlmethylena 
derlyatives,  of  which  tri-methylene-bromide,  CHaBr— CHg — CHaBr, 
results  from  the  addition  of  hydrobromic  acid  to  allyl  bromide  : 

CH3=CH— CHaBr  +  HBr    =    CHaBr— CHg— CHaBr. 


3.  Tri-substitution  Products. 

Chloroform,  CHCI3,  (Liebig  and  Souheiran^  1831 ;  formula 
established  by  Dumas,  1835.) 

Formation.  1.  From  methane  and  methyl  chloride,  (see 
p.  59).  2.  By  heating  alcohol  with  chloride  of  lime  and 
water.  3.  Along  with  alkaline  formate  by  warming  chloral  or 
chloral  hydrate  with  aqueous  alkali : 

CCI3— CHO  +  NaOH  =  CHClg  +  HCOgNa. 

This  last  method  of  formation  is  the  best  for  the  obtaining  of 
pure  chloroform.  Its  formation  from  alcohol  and  bleaching 
powder,  i.e,  by  the  action  of  chlorine  upon  alcohol,  may  be 
considered  to  rest  upon  the  intermediate  production  of  chloral. 

Properties.  Colourless  liquid  of  a  peculiar  ethereal  odour 
and  sweetish  taste.  Hardly  soluble  in  water.  Solid  below 
-  70°.  B.  Pt.  61-2°.  Sp.  Gr.  1-527.  Dissolves  fats,  resins, 
caoutchouc,  iodine,,  etc.  Is  a  most  valuable  anaesthetic, 
(Simpson,  Edinburgh,  1848). 
The  carbamine  reaction  (see  Iso-nitriles)  furnishes  a  delicate 
tesi  for  the  presence  of  chloroform. 


BROMOFORM;   lODOFilHM, 

RoKrlM',  Alkaline  uliTonmtH  produces  plii)Bj;eiie.  I'otiuiBiiitii  aiuul- 
•pm  iailiiiiBs  tho  formatiQii  of  acetylene.  I*(it4ti<)i  [IccniiijMiHtH  it  to 
InmuiU  aiiJ  chloride,  thiu : 

CHClj  +  4K0R  =  HCOaK  +  3KC1  +  IL,0, 
Airnnoiui  tt,  &  red  iieoit  produces  hydrocyanic  and  hydrochloric  acida: 
CHCl,  +  NH,  =  HCN  +  3HC1. 
Bromoform,  CHBr^,  is  sometimes   present    in   cominei-oial 
bromine. 

Iodoform,  CHI3,  (Serullas,  1822  ;  formula  established  liy 
Iknuis),  is  prepared  by  warming  alcohol  with  iodine  ami 
altali  or  alkaline  carbonate  : 
CjHjOH  +  41^  +  6K0H  =  CHI3  +  HCO„K  +  SKI  +  SHaO. 
It  can  also  be  got  in  the  same  way  from  acetone,  oUlbhyrlo, 
iwtic  acid  and,  generally,  irom  compounds  which  contain  tlie 
group  CHj— CHOH— 0,  or  CH^— CO— C,  (Uehtn). 

Mow  hexagonal  plates.  M.  Pt.  119°  Contains  only  0-25 
per  cant,  H,  which  at  first  caused  the  preseDce  of  tbo  latter 
lo  be  overlooked.  Has  a  peculiar  odour,  and  is  volatile  with 
tteam.    Important  antiseptic 

Hettyl-chlorofonn,  CH3— C'Clj.  This  compound,  the  triohloride  of 
iKtk  ncid,  nho  acta  as  na  anoBBthetic, 

Qlyceryl  chloride,  tri-chlorhydrin,  CjHjClg,  is  obtained 
Iruin  glycerine  and  PCI5  {p,  63).  B.  Pt.  158°.  The  corre- 
^nding  bromine  compound  is  also  known,  but  not  the  iodine 
one,  CjHjLy  which  decomposes  in  the  nascent  state  {i.e.  when 
glyeerine,  phosphorus,  and  iodine  react  together),  into  allyl 
iodide,  C3H5I,  and  I^.     (See  pp.  63  and  65.) 

4.  Higher  Substitution  Products. 
Birbon  tolra-clilorldB,  CCl,.     Can  ba  prepared  from  chloroform  or 
(irboii  liLaalphuie  und  uhlorine.     Coiourleaa  liquid.      B.  Pt,  77°. 
(tolwti  tetra- bromide,  ("Br^.     Pktua.     Boils  without  decomposition. 
Outran  tetra-lodlde,  CIj,     Da,tk  red  octahedrii.     DecanjpoBes  upuu 

fo'-ctaoro- ethane,  C.jCl^  iihombiv  pktes  of  camphor- like  oilour. 
Hella  luid  boils  at  185'. 

E— Haloid  Derivatives  of  the  Unsaturated 
Hydrocarbons. 

lies^ camjiouaJs  are  obtaiued  either  by  partia.\\-y  m^uiiiiOTi- 
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ing  halogen  or  halogen  hydride  from  the  halogen  derivatives 

of  the  saturated  hydrocarbons,  or  by  incompletely  saturating 

the  hydrocarbons  poorer  in  hydrogen  with  halogen  or  halogen 

hydride,  e.g. 

CgH^Brg-HBr  =  CgHgBr. 

C2H2       +  HBr  =  CgHgBr. 

The  allyl  compounds,  C3H5X,  result  from  allyl  alcohol  and 
halogen  hydride  or  halogen-phosphorus. 

These  unsaturated  products  are  very  similar  to  the  corre- 
sponding saturated  ones,  but  they  are  of  course  capable  of 
combining  further  with  halogen  or  halogen  hydride. 

The  following  among  them  may  be  mentioned : — 

Bromo-ethylene,  vinyl  bromidef  CgHgBr,  =  CH2=CHBr. 

Allyl  chloride,  -bromide,  and  -iodide,  CH2=CH — CHgX. 

These  are  of  importance  on  account  of  their  relation  to  the 
allyl  compounds  found  in  nature,  e.g.  oil  of  mustard  and  oil  of 
garlic.  The  iodide  is  prepared  from  glycerine,  phosphorus, 
and  iodine,  and  from  it,  by  means  of  HgClg,  the  chloride. 

Isomeric  with  them  are  the  a-Propylene  compoundB, 

CHq  =  CX — CHg, 

and  the  /J-Propylene  compounds, 

CHX  ^  CM  — OHg. 

Per-chloro-ethylene,  C2CI4.     Colourless  liquid.    B.  Pt.  121*. 

Mono-dilor-acetylexie,  C2HCI.     Gas  which  catches  fire  spontaneously.. 

Mono-'brom-acetylexLe,    CgHBr.      Also  a  spontaneously  inflammabli9 
gas,  which  burns  with  a  purple  coloured  and  exceedingly  sooty  flame. 

Halogen  compounds  which  contain  several  different  halogens  are 
known. 

III.  MONATOMIO  ALCOHOLS. 

As  alcohols  are  designated  those  compounds  containin 
oxygen  and  of  neutral  reaction,  which,  like  bases,  combine  wil 
acids  with  the  elimination  of  water,  to  form  other  compoun<3.  ^ 
analogous  to  salts  in  constitution,  the  latter  being  term^<3 
"  ethers  "  or  "  compound  ethers,"  thus  : 

C2H5OH  +  NO2OH  =  C2H5.(O.N02)  +  H20. 

Alcohols  are  further  easily  trausfoTnais^YQiXji^  ciid<i^t\oTi  intiO 


compounds  richer  in  oxygen  or  poorer  in  hydrogrn,  (alilohyilea 
ketones,  and  acida) ;  they  do  not  undergo  Bahatitiition  hy  the 
tction  of  halogens,  but  oxidation,  etc,  etc. 

According  to  theory,  the  iilcohols  are  derived  from  the 
hy<tocarbonH  hy  the  replacement  of  hydiugeu  by  hydroxyl. 
(See  pp.  17  and  74.) 

Jnet  as  we  know  mono-  and  poly-acid  baaea,  ab  are  there 
mono-,  di-,  tri-,  etc.,  hydrio  or  -atomic  alcohols,  according  to  the 
number  of  molecules  of  a  monobasic  acid  which  can  react 
with  one  molecule  of  the  alcohol  to  fonn  an  ether.  The  poly- 
atomic alcohols,  e.g.  glycol,  C2H4(OH)2,  glycerine,  CaH5(0H)^. 
mamiite,  CHHgfOH)^,  etc,  will  be  treated  of  later  on. 

Tliii  monatomic  alcohols  are  likewise  either  saturated  or 
nnsiturated,  according  to  the  hydrocarbons  from  which  they 
are  derived.  The  unsaturated  resemble  the  saturated  closely, 
McRpting  in  that  they  are  capable  of  forming  addition  com- 
puimJs. 

A.  Monatomic  Saturated  Alcohols,  C„II^^,OH 
(See  Table,  p.  72). 

The  lowest  members  of  this  aeries  are  colourless  mobile 
liquids,  the  middle  ones  are  more  oily,  and  the  highest — from 
dodecyi  alcohol,  OjgHjjOH,  onwards — are  solid  and  like 
puaffin  in  appearance  at  the  ordinary  temperature. 
Gaseous  alcohols  are  unknown.  With  analogous  constitution 
the  boiling  point  rises  with  tolerable  regularity ;  in  the  case  of 
telower  members  by  about  19°,  and  higher  up  in  the  aeries 
bj  i  smaller  number. 

The  lowest  members  are  miacible  with  water,  but  this 
wlnhility  rapidly  diminishea  as  the  series  aacends ;  thus  butyl 
wcohol  requires  12  parts  and  amyl  alcohol  40  parts  of  water 
fw  solution,  while  the  higher  members  are  no  longer  soluble 
II  water.  The  former  can  be  separated  or  "salted  out"  from  their 
*iiieoua  solution  by  the  addition  of  salts,  e.g.  KjCOj  and  CaCly 

Ihe  si>ecific  gravity  is  always  -<:  1  The  highest  members, 
(over  Cifl),  can  only  be  distilled  undecomposed  in  a  vacuum  ; 
>i(iie  onUnarf  pressare  they  break  up  into  define  and  ■wa.XiftT. 
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Tbi  lowest  members  posspsa  an  alcoholic  odour,  those  over  C^, 
odour  of  fusel,  and  both  hnve  a  burning  (.aatc,  white  the 
jhest  members  are  like  paniffin  in  ap])oarunce  and  witlioiil 
^thflr  taste  or  smell. 

Constitution  and  Isomers;  Classification  of  the 
Alcohols. 

From  CjHgO  on,  many  of  the  alcohols  are  known  in  diffoceiit 

IMineric  modifications,  thus  there  are  two  propyl,  four  hntyl, 
id  seven  amyl  alcohols,  etc. 

Of  these,  some  only  are  oxidizahle  to  acids,  O^HjnOj,  contain- 
g  An  equal  number  of  carbon  atoms,  ai)  aldehyde,  0;,Ht,(), 

being  formed  as  intermediate  product.    Such  alcohols  are  termed 

(rimary    alcohols,    (primary    propyl-,   butyl-,    and   isobiityl 

dcefaols,  etc). 
Another  class  of  alcohols  is  not  oxidizable  to  acids  with  an 

(qnttl  number  of  atoms  of  carbon,  but  to  ketones,  C„Hj||0,  with 
.ration  of  two  atoms  of  hydrogen,  B.g.   iaopropyl  alcohol 

i*lds     acetone,    C^HoO.       These    are     tenned     Beeondary, 

Sconilary    butyl    alcohol).      Upon    further    oxidation    the 

stones  do  indeed  yield  acids  which,  however,  contain  not  an 
but  always  a  lesser  number  of  carbon  atoms,  the  carbon 

^in  having  thus  been  broken  up. 
Lastly,  the  third  class  of  alcohols,  the  tertiary,  yield  upon 

ddatioQ  neither  aldehydes,  ketones  nor  acids  with  an  eyval. 

Umber  of  carhon  atoms,  but  only  ketones  or  acids  containing 
irer  atoms  of  carbon. 

Constitution  of  the  Alcohols.— In  the  monatomic  alcohols 
le  of  the  hydrogen  atoms  plays  a  part  different  to  that  of 
e  others ;  thus  it  is  replaceable  by  metals,  (K  and  Na),  and 
'  acid  radicles,  and,  together  with  the  oxygen  atom,  com- 
nes  with  the  hydrogen  of  a  halogen  hydride  to  form  water, 

bile  the  other  hydrogen  atoms  of  the  alcohol  remain  un- 
Thifl   hydrogen    atom,    which    has    already   been 

mulated  under  the  Theory  of  Types  apart  from  the 
lers,  is  called  the  "  typical "  or  "  extra-radicle  "  lijdfOf^en 
not  joinixl   directly    to    the    carton   atom.  \i\i.\, 
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through  the  oxygen  one,  which  is  apparent  from  the  fact  of 
the  alcohols  being  capable  of  preparation  from  the  monohaloid 
substitution  products  of  the  saturated  hydrocarbons.  (See  p. 
75.)  This  has  been  already  gone  into  in  some  detail  for 
ethyl  alcohol  (p.  17). 

The  alcohols  therefore  contain  a  hydroxyl,  OH,  and  their 
general  constitutional  formula  is  (CnH2n+i).0H. 

According  to  theory,  this  hydroxyl  can  either  replace  an 
atom  of  hydrogen  in  a  methyl  group,  in  which  case  an  alcohol 
containing  the  group  CHgOH,  (one  carbon  atom  being  joined 
to  the  other  by  a  single  bond),  results,  e.g.  CHg— CHgOH. 
Or  it  can  replace  the  hydrogen  of  aCHg —  group  in  a  hydro- 
carbon, so  that  the  resulting  compound  contains  the  atomic 
group  =CH.OH,  the  carbon  atom  being  here  joined  to  two 
other  ones.  Or,  lastly,  it  is  possible  that  in  a  hydrocarbon 
with  branching  carbon  chain,  the  hydrogen  of  a  methine  group 
CH^  (p.  23)  may  be  replaced  by  hydroxyl,  when  the  result- 
ing compound  consequently  contains  the  group  ^C.OH,  in 
which  one  carbon  atom  is  joined  to  other  three. 

TJ 

Now,  it  is  easy  to  see  that  the  group  — ^"^o^H  ^^^'  ^^ 

further  oxidation,  be  transformed  into  this  other,  — CJ^^q  tt 

The  latter,  which  is  termed  carboxyl,  is  contained  in  the  acids 
CnHgnOa,  =  Cn.iHjn-iCOOH,  which  result  from  the  oxidation 
of  the  primary  alcohols.  Consequently  it  is  the  primary 
alcohols  which  contain  the  atomic  group  — CHg.OH. 

The  group  =CH.OH  can  likewise  be  changed  into  =0=0, 

(ie.  C/<^QTT  -  HgOY  which  is  the  characteristic  atomic  group 

of  the  ketones,  by  oxidation.  A  further  introduction  of  O  or 
OH,  whereby  acids  containing  the  group  — CO.OH  would 
ensue,  is  not  possible  in  this  case  without  a  rupture  of  the 
carbon  chain,  since  carbon  is  tetravalent.  Since  then  it  is  the 
secondary  alcohols  which  upon  oxidation  yield  ketones,  and 
not  acids  with  an  equal  number  of  carbon  atoms,  the  group 
=CIi.  OH  is  characteristic  of  these. 


Filially,  tlie  atomic  gmup  ssC.OH  already  contains  tlie 
laaKimum  of  oxygen  wiiicli  can  be  combineil  with  a  carbon 
atum  already  linked  to  three  other  atoms  of  carlion.  A  com- 
pound, therefore,  in  which  thJa  atomic  group  is  present,  cannot 
field  upon  oxidation  an  aldehyde,  acid,  or  ketone  with  an 
equal  number  of  carbon  atoms  in  tho  molecule,  but  the  result 
of  Buci)  oxidation  must  be  the  breaking  of  the  carbon  chain, 
and  the  formation  of  acids  or  ketones  containing  a  lesser  num- 
ber of  carbon  atoms  in  the  molecule.  This  being  the  be- 
hamur  of  tertiaiy  alcohols,  the  group  ^C.OH  is  peculiar  to 

The  existence  of  the  three  clasBeB  of  alcohols  finds  in  this 
viy  a  thoroughly  satisfactory  explanation  from  theory. 

Tlie  Mcondary  and  tertiary  aleohola  were  predicted  by  Kollit  iu  18fi4 
Ftoiii  thDoretiiial  coneldorations,  (A.  1331,  1()2). 

imoDg  the  isnmeric  alcohols  the  primary  poaacBg  tho  highest,  ami  the 
Iwliarj'  the  loweat  boiling  points,  aJid  the  same  holda  good  for  thoir 
rXhen.    The  tertiary  have  t^ie  highest  melting  poiuta. 

OamrencA. — Different  alcohols  are  found  in  nature  com- 
bineil with  organic  acids  as  ethers  in  ethereal  oils  and  waxes  ; 
e.j.  methyl-,  ethyl-,  butyl-,  hexyl-,  and  octyl-alcohols,  and  also 
those  with  16,  27,  and  30  carbon  atoms. 

/-  General  Metliod<  of  Formatwn. — 1.  By  "  saponification  "  of 
theit  ethers  (see  these),  by  boiling  with  alkalies  or  acids  or  by 
the  action  of  superheated  steam,  thus  :  I 

CH,.O.CjHi,0,  -1-  KOH  =  CHaOH  -(-  C,HbO;,OK 


Some  ethers,  e.g.  ethyl-sulphu 
ffarmed  with  water : 


,cid,  decompose  whci 


CjH,.O.SO,H  +  Bf>  =  CjHs-OH  +  SO^H,. 

2.  From  tho  halogen  compounds  C„H.j„^.iX,  and  therefore 
uidirectlj  from  the  paraffins  and  olefines  (pages  69  and  61),  in 
*hich  latter  case  secondary  or  tertiary  alcohols  are  obtained  : 

ft  B^  warming  these,  especially  the  iodides,  V\\Xv  «x,t)»&  ol 
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water  to  100° ;  sometimes  by  simply  allowing  the  mixture  to 
stand,  (tertiary  iodides)  :. 

C2H5I  +  HOH  =  C2H,.0H  +  HI. 

When  but  little  water  is  used,  a  state  of  equilibrium  is 
reached  (p.  62).  These  halogen  compounds  may  also  be 
termed  the  halogen-hydride  ethers  of  the  alcohols,  so  that, 
strictly  speaking,  the  mode  of  formation  2  is  included  in  1. 

b  Frequently  by  digesting  with  moist  silver  oxide,  (which 
acts  here  like  the  unknown  hydroxide,  AgOH),  or  by  boiling 
with  lead  oxide  and  water  : 

CgH,!  +  Ag.OH  =  CgHg.OH  +  Agl. 
c.    Upon  warming  with  silver  or  potassium  acetate,   the 
acetic  ether  of  the  alcohol  in  question  is  formed,  and  this  is 
then  saponified,  thus  : 

C^H,!  +  AgO.(C2H30)  =  C2H5.O.C2H3O  +  Agl. 
C2H5O.C2H3O  +  HOK  =  C2H5.OH  +  (C2H30)OK. 

3.  By' the  fermentation  of  the  carbohydrates,  (e.g.  grape 
sugar),  the  alcohols  with  2,  3,  4,  5,  and,  under  certain  condi- 
tions, even  6  atoms  of  carbon  are  produced.  (Yeast  fermenta- 
tion.) 

■  3a.  From   glycerine,    by  the  schizomycetes  fermentation,  alcohols 
with  2,  3,  and  4  carbon  atoms  are  formed,  {Fitz), 

4.  On  treating  the  primary  amines  with  nitrous  acid,*  the 
nitrous  ethers  of  the  alcohols  are  got : 

C2H5NH2  +  HONO  *  C2H,.0H  +  Ng  +  H2O. 

5.  From  polyatomic  alcohols  by  the  partial  action  of  halogen 
hydride  and  the  backward  substitution  of  the  resulting  com- 
pounds, e.g,  : 

C8H5(OH)3  +  2HC1  =  C3H,(OH)Cl2  +  2H2O. 

Glycerine.  Di-chlorhydrin. 

C3H5(OH)Cl2  +  2H2  =  CgH^OH  +  2HC1. 

V ^ ' 

Isopropyl  alcohol. 

11.  Special  Methods  of  Formation, — 1.  Primary  alcohols  are 
obtained  from  aldehydes  by  reduction  with  sodium  amalgam 

*  For  the  sake  of  convenience,  the  formula  of  the  hypothetical  nitrous 
Ac/d,  NO3H,   =  NO.OE,  ia  used  instead  oi"NaOa-vYl^O. 


ery  (lilute  Bulphuric  acid,  (Wuris);  or  with  acptic  acid 
aad  zinc  dust,  the  acetic  ethers  of  tlie  akoliolR  resulting  here  : 
aH,0  +  H,  =  C3H„0. 

Simikrly  from  acid  nnhj'drides  and  nascent  hydrogen,  or 
from  a  miictnre  of  anhydride  and  acid  cbloride  (see  theeo), 
irheu  the  acid  ether  of  the  alcohol  is  formed. 

Since  (be  acids  can  be  Hynthetio^y  propariid  from  aluohols  cuntainiiig 
one  Mum  of  carbon  leea  than  themselveB,  h  meaOB  is  tliua  given  for  coii. 
nrting  one  alcohol  into  another  higher  in  series  {Liebi'n  and  Rmii), 

!.  Secondary  alcohols  are  formed  by  the  action  of  nascent 
hydrogen  (sodium  amalgam)  on  the  ketones,  C„Hj„0  : 

CHj— CO— CHg  +  Hg     =    CH3— CH.(OH)— CH^. 
Acetone.  Isopropyl  alcoliol. 

Pinacones  are  obtained  here  as  bye-products.    (See  Ketones.) 

3,  SecDDrlary  otcoliols  ai'B  further  produced  by  the  action  of  alile- 
hfdca  upon  zinc-methyl  or  zinc-ethyl. 
3a.  Also  by  the  action  of  zjnc-alkyl  npon  ethyl  fottnnto. 
1.  Tertiary  ulc.ihola  arc  formed  by  tbe  prolonged  iiutlou  oE  eidc- 
BHthyl  nr  -ethyl  (2  mols.)  upon  acid  chlorides  ia  the  cold,  and  deuum. 
pnltiou  of  the  rHBolting  pcodnet  with  water,  IBuUtroio).     When  the 
idD  Is  only  a  short  one,  ketones  and  not  alcohols  are  got. 
S.  SetMindnry  or   tertiary  alcohols  Hometimes  ensue  by  the  direct 
tembiuBtiiin  of  an  oleSna  with  water,   e.g.   tertiary   butyl   alcohol, 
1CH,|^.0H,  from  isobntyli-no. 

The  N'ymendatwre  of  the  alcohols,  especially  of  the  aecond- 
»1T  sml  tertiary,  is  baaed  upon  a  compariaon  of  them  with 
ineihyl  alcohol,  also  called  carhinoL 

Tliey  are  looked  upon  as  carbinol,  CHg.OH,  in  which  the 
ihm  hydrogen  atoms  are  wholly  or   partially   replaced  by 
llroliol  radicles,  thus  : 
l*rtiary  butyl  alcohol,  (OH,,)^C.OH,  =  tri-raethyl  carbinol; 
Mcondary  butyl  alcohol,  CH3— CH,— CH(OH)— CH3, 
=  CH(0HXCHa}(C2H,),=methyl-etbyl  carbinol. 
Sehtmur  of  the  alcohols.       1.    The  typical  hydrogen  atom 
(F  ^3)  iH  replaceable   by  metals,  K.ff,  dijectly  by  K  or  Na, 
With  formation  of  compounds  termed  alcoholates  ; 
C2H5OH  -H  Na  =  C^HjONa  -|-  H. 
Sodiaxa  ethykte. 
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These  decompose  again  into  alcohol  and  alkali  on  addition 
of  water.     (See  p.  83.) 

Primary  and  secondar}^,  but  not  tertiary,  alcohols  combine 
with  baryta  and  lime  to  alcoholates  at  130°.  Crystalline  com- 
pounds are  formed  with  calcium  chloride,  so  that  this  sail 
cannot  be  used  for  drying  the  alcohols ;  these  compounds  arc 
decomposed  by  water. 

2.  They  enter  into  the  composition  of  many  compounds,  as 
"  alcohol  of  crystallization."     (See  pp.  79  and  83.) 

3.  They  yield  ethers  with  acids  : 

CgH^OH  +  (C2H30)OH  =  C2H5.0.(C2H30)  +  Ufi. 

V « '  * , ' 

Acetic  acid.         Ethyl  acetate. 

4.  Dehydrating  agents  convert  them  into  olefines. 

5.  With  halogen  hydride  or  halogen  phosphorus,  mono-sub- 
stitution products  of  the  hydrocarbons  are  produced.  (See  p. 
62.) 

6.  For  the  behaviour  of  primary,  secondary,  and  tertiarj; 
alcohols  upon  oxidation,  see  p.  73. 

The  oxidation  of  methyl  alcohol  yields  mostly  carbonic  instead  ol 
formic  acid,  on  account  of  the  easy  oxidizability  of  the  latter. 

6a.  The  higher  primary  alcohols  go  into  the  corresponding  acids  upon 
heating  with  soda-lime. 

7.  Halogens  do  not  substitute  but  oxidize.     (See  above.) 

8.  The  primary,  secondary,  and  tertiary  alcohols  can  also  be  distin 
guished  from  one  another  by  the  behaviour  of  their  nitro-compounds, 
which  are  formed  by  the  action  of  silver  nitrate  on  the  iodides,  ( V. 
Meyer).  They  vary  also  in  the  rate  of  rapidity  with  which  etherificatioi 
begins,  and  the  point  at  which  it  ends,  e,g.  with  acetic  acid« 


Methyl  alcohol.  Wood  Spirit,  CH3OH.  Was  discovered 
in  wood  tar  by  Boyle  in  1661,  and  its  diflference  from  ordinary 
alcohol  recognized  in  1812  by  Phillips  Taylor.  Its  compositioi 
was  established  in  1834  by  Dumas  and  Peligot  Name  derived 
from  iiidv,  wine,  and  vXt),  wood. 

Occurrence,  As  salicylic  ether  in  GauUheria  procmribens  (oil 
of  winter  green,  Canada);  as  butyric  ether  in  the  unripe  seeds 
of  Heracleum  giganteixm. 


Fmnaiion..  1.  By  chlorinating  mpthane,  CH^,  and  saponi. 
^g  llie  resulting  methyl  chloride,  {BeiihM). 

2.  From  methyl  iodide  and  water, 

3.  By  the  destructive  distillation  of  wood. 

By  this  ciistUlation  there  are  obtained— (a)  (Joaea  (CHj,  CjH„  C,H^, 
*\H,  CH„  C,Hg,  CO,  CO,,  H,j,  etc.),  (6)  An  aqueouH  dirtillBte  uf 
''[ijrotigneoua  acid,"  oontainiiig  methyl  alcohol,  acetic  acid,  acetous, 
BUlhyl  Buetate,  alljl  alcohol,  etc.  (c)  Wood-tor,  coDtaining  parafliDg, 
tuphthaleoo,  phenol,  guaiacolB,  etc.  {il)  Wood  charuoal. 
4  Also  by  the  dry  distillatioD  of  vinasae. 

Il  is  prepared  in  quantity  from  the  crude  pyroliKneoua  acid 
by  repeated  distillation  after  neutralization,  and  is  purified  by 
formation  of  the  CaCl^  compound,  which  is  stable  at  100°,  or, 
better,  by  transformation  into  the  oxalic  or  benzoic  ether, 
both  of  which  are  easy  to  purify  and  saponify. 

Pmperties.  Colourlesa  liquid.  B.  Pt.  66°.  Sp.  Gr. 
■boat  0'8.  The  alcohol  of  commerco  usually  contains 
Ketone.  Burns  with  a  non-luminous  flame.  Dissolves  fata, 
Afita  as  an  intoxicant  like  ethyl  alcohol  and,  like  the 
ers  into  the  composition  of  compounds  as  "  alcohol 
of  crystallization,"  e.g.  BaO  +  2CH,0;  MgClj  +  6CH/>  ; 
CaCIj  +  4CH^0  (aix-fiidod  plates).  Is  easily  oxidized  to  formic 
ddehyde  and  formic  acid,  being  also  converted  into  the  tatter 
Upon  heating  with  soda-lime.  Forms  with  metallic  potassium 
the  crystalline  compound  CH^OK  +  CHjOH.  Potaashim 
netfiylate,  CH3OK,  is  a  white  crystalline  powder, 

The  anhydrous  alcohol  dissolves  a  small  amount  of  de- 
i^rated  cupric  sulphate  to  a  blue-green  solution.  Distilled 
fiTer  heated  zinc  dust,  it  decomposes  almost  quantitatively 
nto  CO  +  2H3. 

Uta.—foi  tar  coloiira— (also  as  CHjI  and  CH,CI) ;  aa  methyl  ethur 
the  iDannfacturD  of  i(^;  for  paliflhea  jmd  varnishes  ;  as  Wim/trahf.r/ii'jt 
«!crviitive  liijuid  ;  for  methylating  epirits  o£  wine,  etc. 
Ethyl  alcohol,  Spinls  of  Wine,  C,Hj,OH.  Liquids  con- 
iuing  Bpirita  of  wine  have  been  known  ti'om  veiy  early  times,  and 
tir  concentration  either  by  distillation  or  by  deli  yd  ration  with  oar- 
Ute  of  potash  ia  uIho  an  old  art.  We  read  of  it  as  "  aloobul"  iti  the 
canftuy.  ZaaMer  arrived  at  tbu  qHalitative,  and  de  (iiiuseiyrtm 
ofaloohol. 
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Occurrence.  In  the  vegetable  kingdom  alcohol  is  only  found 
occasionally,  as  butyric  ether,  but  in  the  animal  kingdom  it 
occurs  in  various  forms,  e.g.  in  diabetic  urine.  It  is  also  pre- 
sent in  small  quantity  in  coal  tar,  bone  oil,  wood  spirit,  and 
bread,  fresh  English  bread  containing  0*3  per  cent. 

Formation,  1.  From  CgHg  by  conversion  into  CgHgCl  and 
saponification  of  the  latter  according  to  modes  of  formation  1 
and  2. 

2.  From  CgH^  and  cone.  HgSO^.  (See  I.,  1.)  This  method 
was  discovered  by  Fa/raday,  and  corroborated  in  1856  by 
Berthdot, 

3.  From  aldehyde,  C2H4O,  by  reduction.      (Wurtz,  A.  123.) 

4.  Preparation  by  the  vinous  fermentation  of  sugar.  Directly 
from  grape  and  fruit  sugars,  O^B^fl^,  and  indirectly  from 
cane  sugar,  CigHggOij,  after  previous  hydration  to  2  mole- 
cules CgHjgOg ;  also  from  malt  sugar  (directly),  from  starch, 
etc. 

Fermentations  are  peculiar  slow  decomposition-processes  of  organic 
substances  which  go  on,  as  a  rule,  with  liberation  of  gas  and  evolution 
of  heat,  and  which  are  induced  by  micro-organisms  or  by  unorganized 
ferments.  (See  Diastase.)  The  vinous  fermentation  of  sugar,  i.e.  the 
fermentation  which  produces  spirit,  is  caused  by  the  yeaat  ferment, 
mycoderma  (Torula)  cerevisiae,  which  forms  rather  long  round  cells 
multiplying  by  germination,  and  which  exists  in  different  varieties.. 
Being  a  plant,  it  requires  for  its  sustenance  inorganic  salts,  but,  as  a 
non-assimilating  fungus,  no  carbonic  acid. 

In  the  vinous  fermentation  94  to  95  per  cent,  of  the  sugar 
breaks  up  into  alcohol  and  carbonic  acid  : 

CeHi20e  =  2C2HeO  +  2C02 

with  2*5  to  3*6  per  cent,  glycerine,  CgHgOg,  and  0*4  to  0*7  per 
cent,  succinic  acid,  0^11^0^,  as  invariable  bye-products.  In 
addition  to  these,  most  of  the  higher  homologues  of  ethyl 
alcohol  are  also  formed,  the  latter  being  classed  together  under 
the  name  of  fusel  oil 

The  chief  constituent  of  fusel  oil  is  fermentation  amyl  alcohol  (iso* 

butyl-carbinol),  CgHuOH,  but  it  has  also  been  proved  to  contain  the 

iwo  propyl  alcohols,  (chiefly  iso-propyl),  normal-,  iso-,  and  tertiary- 

butyl  alcohols,  normal  and  active  amyl  ^met\\7Ve>^^\^\j\B0ctfJ^,\ft^«i\k^^^ 
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«ith  higher  homologncs  lUid  etbers.     They  ciui  bo  seimrateil  by  mcniia 
[their  hydrobromic  BtherB. 

Conditions  of  fermenlatton.  Fermentation  can  only  go  on 
Ktffeen  the  limits  of  3"  and  35°,  the  moat  favoumble  tem[>era 
nre  being  between  25°  and  30°.  It  is  also  dependent  on  thi> 
s  of  a  certain  amount  of  air,  and  on  the  solution  not 
I  too  concentrated.  Yeaet  loaea  its  activity  upon  the 
ddition  of  any  reagents  which  destroy  the  cells,  also  when  it 
I  thoroughly  dried,  when  heated  to  60°,  when  treated  with 
Icohol,  acids  and  alkalies,  and  in  the  preeeuce  of  salicylic 
idi,  phenol,  etc. 
The  foUowing  materials  are  asod  for  the  preparation  of 
trobol  or  of  liquids  containing  alcohol : 

(a)  Grape  sugar,  fruit  sugar,  i.e.  grapes  and  other  ripe  fruits, 
r  wine,  etc. ;  (i)  cane  or  beet  sugar  and  molasses  for  brandy 
le  Sugar) ;  (c)  tJie  starch  of  cereals  for  beer  an<l  com  brandy, 
A  of  potatoes  for  potato  brandy.  The  starch  is  first  cou- 
rted into  malt  sugar  and  dextrine  under  the  influence  of 
ase,  or  into  grape  sugar,  potato  sugar,  and  dextrine  by 
Mlmg  with  dilute  acids,  and  these  sugars  are  then  fermented. 
A  wine  of  medium  atrangth  contains  SJ  to  10  per  cent,  alcohol,  port 
liu  la  per  cent.,  aherry  up  to  31  per  cent.,  champBgiie  S  to  9  percent., 
td  beer  an  avoniige  of  2  to  6  per  utsut. 

Thedifferaot  Tarieties  of  brandy  or  gpiritH  obtained  by  "burning," 
'*•  bj  distilling  fermented  liquids,  contain  30  to  40  per  cent,  aluohol, 
■d  cognae  even  over  50  per  cent. 
Pvrificuti/m  of  alcohol.  It  is  difficult  to  separate  alcohol 
Jtnpletely  from  water  by  distillation,  since  their  boiling  points 
re  only  22°  apart  from  one  another.  Even  after  repeated 
Bctilication  the  distillates  are  found  to  contain  water. 

the  large  scale  tbis  seporaition  te  excellently  effected  by  the  ubs  of 
itpUegmators  and  rectifiers  or  column  apparatus,  which  ace  based  upOD 
Sh  principle  of  partial  volatilization  and  partial  cooling  o!  the  vapours, 
JJifamand  Brrnrd  ;  improved  hy  SaiixUe,  Pietorius,  Coffey,  and  others.} 
b  this  way  an  alcohol  cnntaining  08  tn  99  per  cent,  cau  be  obtained. 

Aqueous  alcohol  can  be  deprived  of  the  greater  part  of 

water  by  the  aAAition  of  strongly  heated  eav\Kin!i,te  o1^ 

■  aohydrous  coppur  Balpbate,  or  by  distiUalion  o\b"c 
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quick  lime,  and  the  last  portions  can  be  extracted  by  baryta, 
or  by  several  additions  of  metallic  sodium  and  repeated  distil- 
lation. Alcohol  containing  water  becomes  turbid  on  being 
mixed  with  benzene,  carbon  bisulphide,  or  liquid  paraffin  oil, 
and  it  gives  a  white  precipitate  of  Ba(0H)2  on  the  addition  of 
a  solution  of  BaO  in  absolute  alcohol.  Alcohol  free  from  water 
is  termed  absolute  alcohol. 

Contraction  takes  place  on  mixing  alcohol  and  water 
together,  53*9  vobimes  alcohol  +  49-8  volumes  water  giving, 
not  103*7,  but  100  volumes  of  the  mixture.  The  percentage  of 
alcohol  in  any  spirit  is  determined  either  from  its  specific 
gravity  by  reference  to  a  specially  calculated  table,  or  by 
areometers  of  particular  construction,  or  by  its  vapour  tension 
as  estimated  by  Geissler^s  vaporimeter. 

Properties.  Colourless  mobile  liquid  with  characteristic 
spirituous  but  not  fusel  smell.  B.  Pt.  78*3'*,  or  13**  under  21 
millimetres  pressure.  Solidifies  at  -130*5'*.  Sp.  Gr.  0*79 
at  15°.  Bums  with  an  almost  non-luminous  flame.  Is 
exceedingly  hygroscopic,  and  miscible  with  water  and  with 
ether  in  all  proportions.  Forms  several  cryo-hydrates  with 
water  ( +  12Aq.,  +  3Aq.,  +  ^Aq.).  Is  an  excellent  solvent  for 
many  organic  substances  such  as  resins  and  oils,  and  also  dis- 
solves sulphur,  phosphorus,  etc.,  to  some  extent ;  consequently 
it  is  much  used  in  the  laboratory.  Gives  with  cone. 
H2SO4,  according  to  the  conditions,  ethyl-sulphuric  acid,  ether, 
or  ethylene.  For  its  behaviour  with  HCl,  etc.,  see  p.  62.  It 
diffuses  through  porous  membranes  into  a  dry  atmosphere  more 
slowly  than  water,  and  coagulates  albumen,  being  therefore 
used  for  preserving  anatomical  preparations. 

It  is  very  easily  oxidized  by  the  oxygen  of  the  air,  first  to 
aldehyde  and  then  to  acetic  acid,  either  in  presence  of  finely- 
divided  platinum  or  in  dilute  solutions  containing  nitrogenous 
matters ;  thus,  beer  and  wine  become  sour,  but  -not  the  pure 
alcohol  itself.  KgCrgOy  or  MnOg  +  HgSO^  oxidize  it  in  the 
first  instance  to  aldehyde  ;  fuming  nitric  acid  attacks  it 
violently  with  formation  of  nitrogen  tri^-  and  .tetr-oxides, 
aldehyde,  ethyl  nitrite^  and  formic,  oxalic  and  hydrocyanic 
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Bcids,  but,  by  the  action  of  colourlesB  concentrated  HNO^, 
ethyl  nitrate  can,  without  oxidation,  be  obtained  ;  in  dilute 
solution  glycoUio  acid  ie  formed.  Alkalies  also  induce  a 
gradual  oxidation  in  the  air ;  thus,  alcoholic  potash  or  soda 
»lutions  quickly  become  browu  with  formatiou  of  aldehyde 
resin,  this  latter  resulting  from  the  action  of  the  alkali  upon 
,'tiiB  aldehyde  first  produced.  Alcoholic  potash  therefore 
/fiequently  acts  as  a  reducing  agent,  e.g.  upon  aromatic  nitro- 
eompounds.  (Bee  these.)  Chlorine  and  bronune  first  oxidize 
alcohol  to  aldehyde  and  then  act  as  substituents.  (See  Chloral.) 
Chlorinated  alcohols  can  therefore  only  be  prepared  indirectly 
(cf.  Ethylene  chlorhydrin).  When  the  vapour  of  alcohol  is  led 
arough  a  red-hot  tube,  H,  CH^,  C^H^  C^B^  C^H^,  C,„Hg, 
"  CjH^O,  CjH^Oj,  etc.,  are  formed. 
Of  the  compounds  containing  alcohol  of  crystallization  may 
mentioned,  KOH  +  2CaHuO,  LiCl  +  4CaHuO,  CaCL,+ 
14C^H80,  aod  MgCl^  +  GCaHjO. 

Sodium  Ethylate,  C^HgONa,  is  of  special  importance  among 
the  alcoholates.  It  is  formed  by  the  action  of  sodium  upon 
absolute  alcohol.  The  crystals  of  CaHj.ONa  +  2CjHeO,  at  first 
obtained,  lose  their  alcohol  of  crystallization  at  200°  and 
chiuige  into  a  white  powder  of  C^H^ONa.  Sodium  ethylate  is 
of  uspecial  value  for  syntheses,  and  can  frequently  be  employed 
in  alcoholic  solution. 

When  taken  iu  small  quantity  aluohol  acts  as  a  Btimulaut  aud  an  aid 
to  digeation,  ia  la^rgcr  quantity  as  an  intoxicant.  Abeulute  alcohol  is 
poiBODauB,  and  quickly  uansua  ditath  when  injected  into  tho  veins. 

Dttectmi  of  alaM.  1.  By  the  iodoform  reaction  (see  lodo- 
funn),  when  1  part  in  2,000  of  water  can  be  recognized. 

2.  By  means  of  benzoyl  oWoride,  C„HsCOCl,  whioh  yields  with 
Ucuhol  the  chonicteriatically .smelling  benzoic  ethyl  ether. 

Propyl  alcohols,  CbH^OH. 

tl.  Kormal  propyl  alcohol,  ethyl  carbinol,  CHg — CH^ — CHjOH, 
(Clmnai,  1853),  is  obtained  from  fusel  oil  by  means  of  its  hydro- 
bromic  ether  (Fitlig),  or  directly  by  fractionation.  It  has  also 
been  got  from  propionic  aldehyde  and  propionic  anhydride  by 
reduction  with  aodiam  anial^am  (Hossi).     It  IB  a.\ii\\)ii  '«\'0(i  ^ 
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pleasant  spirituous  odour,  and  boils  19**  higher  than  ethyl 
alcohol.  Miscible  with  water  in  every  proportion,  and  again 
separated  out  on  addition  of  chloride  of  calcium.  Gives  pro- 
pionic acid  upon  oxidation.  Its  constitution  follows  from  that 
of  propionic  acid,  and  from  the  preparation  of  the  latter  from 
ethyl  alcohol. 

2.  Secondary  propyl  alcohol,  isopropyl  alcohol,  or  dimethyl 
carbinol,  (CH3)2=CH.OH,  (Betiheloty  1855),  was  at  first  held  to 
be  primary.  It  is  obtained  from  isopropyl  iodide  (from 
glycerine)  by  methods  I.  2a  and  2b,  also  by  the  action  of 
sodium  amalgam  on  acetone  by  method  II.  2,  {Friedel,  1862). 
It  also  results  unexpectedly,  instead  of  the  normal  alcohol, 
from  normal  propylamine  by  method  I.  4,  on  account  of  the 
intermediate  formation  of  CgHg.  Colourless  liquid.  Boils 
about  15°  lower  than  its  isomer,  and  like  it  can  be  "salted 
out"  from  aqueous  solution.  Gives  acetone  upon  oxidation. 
The  constitution  of  isopropyl  alcohol  follows  from  its  formation 
from  acetone,  whose  constitution  is  CH3 — CO — CH3. 

Butyl  alcohols,  C4HiiOH.  The  four  isomers  which  are 
theoretically  possible  are  known. 

1.  Normal  butyl  alcohol,  CH3— CHg— CHg— CH2OH. 
Present  in  fusel  oil,  being  formed  especially  in  the  wine-yeast 
fermentation  (by  elliptical  yeast).  Is  got  rather  easily  from 
glycerine  by  the  schizomycetes  fermentation,  {Fitz),  Prepared 
from  butyl  aldehyde,  butyric  acid  or  butyl  chloride,  according 
to  II.  1,  {Lieben  and  Bossi,  1869).  Boils  19°  higher  than 
normal  propyl  alcohol.  Has  a  peculiar  odour,  and  gives  rise  to 
coughing  when  inhaled.  Is  not  miscible  with  water  in  all  pro- 
portions, 1  volume  requiring  12  volumes  water  for  solution  at 
the  ordinary  temperature.  Can  be  "  salted  out"  from  its  solu- 
tion. Gives  normal  butyric  acid,  C4Hg02,  on  oxidation.  Its 
constitution  follows  from  its  relation  to  the  acid  (see  this),  and 
from  the  preparation  of  the  acid  from  normal  propyl  alcohol. 

2.    Secondary    butyl    alcohol,     methyl-ethyl-carhinol,    or    hutylene 

hydrate,  ^^5>CH0H,   =  CH— gCHg— CH(OH)— CHj.  The  hydriodic 

ether  is  formed  from  erythrite,  C4H6(OH)4,  and  "HI  \^^  Lu-yuea^,  «t  tcom 


Bormil  butylene  and  HI.  and  is  tlieti  aap'mifieil  nccnrding  to  I.  2.     TJic 

•iMhoI  IB  also  obtained  from  aldehyde  and  zinc  ethyl,  according  to  II. 

3,  »nd  from  formic;  ether  according   to   11.   i,  {Saytitf).     Strongly 

I  •fflalUng  liqnid,  boiling  about  18°  lower  than  tha  normal  alcmhoL     Gives 

methyl-ethyl  ketone  npon  oxidation,  from  which  its  coruliliilion  folloni. 

3.  Isobntyl  alcohol,  or  fermmlalioji  hdyl  alcohol, 

(CH3),=CH— CH.OH, 

it  the  moat  important  of  the  butyl  alcohols.     It  is  contained 

nfnset  oil,  {Wurte,  1852),  especially  in  potato  fusel  oil — (beer- 

jeut  fermeatation) — ,  and  is  best  isolnted  from  this  as  the 

iodide.      Colourless    liquid,  with  a   spirituous    fusel    smell 

resembling  that  of  wild  jasmine.    Boilsabout  8°  lowerthanthe 

normal  alcohol.     Yielda  iBobutyric  add,  C4HUO2,  on  oxidation, 

lumce  its  amstitidion. 

*.  Tdmathjl  oarMnol,  or  tertiary  butyl  aleahol,  (CHjjj^C.OH, 
t\fitiUma,  1S63).  Is  contained  in  sinBll  quantity  in  fusel  oil.  Prepared, 
t.g.  according  to  11.  5,  bnt  more  simply  by  the  action  of  75  per  cent. 
KpSO,  DD  isobutylene,  from  iaobutyl  alcohol.     (See  II.  5.)     Rhombic 

rDi  or  tables.  Smell  spiritnous  and  resiimbling  that  of  camphor. 
Pt  23-5'';  E.  Pt  SS"  below  that  of  the  normal  alcohol.  Yields 
uetoDe,  asetio  acid  and  carbonic  acid  on  oxidation.  Its  connti- 
tUion  follows,  for  iostance,  from  method  of  formation  II.  S,  and  also 
from  the  constitution  of  tertiary  butyl  iodide.     (Pp.  43  and  66.) 

Amyl  alcohols,  C^HiiOH.     Theoretically  eight  isomers  are 
possilile,  four  primary,  three  secondary,  and  one  tertiary,  and 
•even  of  these  are  already  known. 
1.  Normal  primary  amyl  alcohol, 

CH3— CH^— CHj— CHj— CH^-OH, 
IS  contained  in  small  quantity  in  fusel  oil,  and  can  be  prepared 
from  normal  valeric  aldehyde,  (Liehen  and  liossi),  and  from 
Bonail  pentane,  by  formation  of  C^HjiCl. 

I.  Isobutyl  carbinol,  {CE.^)^^Cli—CB.^—CB.^O}i,  (Erkn- 
^n),  forms  the  chief  constituent  of  "  fermentation  amyl 
•Icohol ."which  was  already  known  to  ScAeefe.and  is  also  found  in 
nstcre  in  Roman  camomile  oil.  It  was  prepared  synthetically 
from  isobutyl  alcohol  in  1876  by  the  lAebevrRossi  method. 
M.  Pt.-134°;  B.  Pt.  131°.  Has  a  fusel  smell  and  bimiing 
taste,  and  is  poisonous;  causes  the  disagreeable  toxic  ».l\*\- 
e&^afjataxjcitt/oa  by  brandy,  etc. 
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CH 
3.  Methyl-ethyl-carbinol,  active  amyl  alcohol^  p,  tI  ^CH — 

CHgOH,  {Pasteur^  1855),  is  also  contained  in  fermentation  amyl 
alcohol.  It  turns  the  plane  of  polarization  of  light  to  the  left, 
its  chloride,  bromide,  iodide,  and  the  valeric  acid  resulting 
from  its  oxidation  being  also  optically  active  (dextro-rotatory). 
The  action  upon  polarized  light  is  connected  with  the 
presence  of  an  "asymmetric"  carbon  atom.  (See  p.  31.)  A 
dextro-rotatory  modification  of  this  alcohol,  obtained  from  it 
by  fission-fungus  fermentation  (p.  31)  exists,  its  iodide  being 
laevo-rotatory. 

Hexyl  alcohols,  Gaproyl  alcohols,  CeH]3.0H.  Of  these  seventeen  are 
possible,  and  eleven  are  already  known. 

Normal  primary  hexyl  alcohol,  obtained  from  normal  hexane  and  also 
from  caproic  acid,  CqHi^O^,  is  found  in  natare  as  batyric  ether,  e,g,  in 
the  essential  oil  of  Heracleam  sphondylium.  Isomeric  with  it  is 
primary  fermentation  hexyl  alcohol  from  wine  fusel  oil. 

Heptyl  alcohols,  {Oenanthyl  alcohol),  OyHjgOH.  Thirty-eight  are 
possible,  and,  up  to  now,  thirteen  or  fourteen  are  known. 

Octyl  alcohols,  CgHi70H.  The  normal  octyl  alcohol  is  found  as  acetic 
ether,  together  with  hexyl  alcohol,  in  varieties  of  Heradeum,  etc. 

Normal  Decyl  alcohol,  O10H21OH,  Dodecyl  alcohol,  Cig^^s^H,  Tetra- 
decyl  alcohol,  Ci4H2gOH,  Hexadecyl  alcohol,  CigHsgOH,  and  Octadepyl 
alcohol,  C18H37OH,  were  prepared  by  Krafft  in  1881,  by  reducing  the 
corresponding  acids  with  zinc  dust  and  acetic  acid.  They  are  solid  and 
like  paraffin  in  appearance. 

Normal  Hexa-decyl-alcohol,  also  called  Cetyl  alcohol,  or 
Ethal,  forms  as  palmitic  ether  the  chief  constituent  of  sper- 
maceti. The  cetyl  alcohol  of  commerce  contains,  besides,  a  homologous 
alcohol,  CigHggO. 

Ceryl  alcohol,  cerotin,  C27HBQOH,  forms  as  cerotic  ether  Chinese  wax. 

MeliBsic  or  Miricyl  alcohol,  CsoHgiOH  or  CsiHe^OH,  is  present  as  pal- 
mitic ether  in  bees'  wax  and  in  Camauba  wax,  and  is  most  conveniently 
prepared  from  the  latter.  The  alcohols  are  obtained  from  all  these 
ethers  (wax  varieties)  by  saponification  with  boiling  alcoholic  potash. 

B.  Monatomic  Unsaturated  Alcohols,  C^Hj^-iOH. 

These  are  very  similar  to  the  saturated  alcohols  both  in 
physical  properties  and  in  general  chemical  behaviour,  but  are 
sharply  diatiDguiahed  from  tlie  latter  \i^  \)afe\t  <i.^^ifo.\l\tY  of 
taking  up  2  &tomB  of  halogen  or  oi  YiydTogpn^  ox  \  mOL^xi^fe  ^\ 


halogen  hydride,  and  thereby  forming  saturated  alcoliola  or 
tieir  mono-  or  di-haloid  substitution  products.  These  latter, 
as  aheady  mentioned  at  p.  78,  cannot  be  prepared  by  direct 
enbstitution  of  the  alcohols. 

They  thus  behave  in  this  respect  like  the  olefinea,  CnHj„,  and 
ao  the  existence  of  a  double  carbon  bond  must  be  assumed  in 
thnir  case  also.  They  are  to  be  considered  as  olefiueB  in  which 
an  atom  of  hydrogen  is  replaced  by  hjdroxyl. 

According  to  theory,  the  existence  of  an  alcohol  with  two 
carbon  atoms,  CH,=CH.OH,  (vinyl  alcohol),  might  be  predi- 
cated ;  this,  however,  does  not  exist  in  the  free  state  but  only 
in  its  derivativea. 

By  the  reactions  in  wiiich  one  wonid  aspect  it  to  be  formed,  its 
iiomer,  aldehyde,  CH,.CHO  results  ;  in  fact,  the  atomic  gronp 
^C^CH.OH  does  not  appear  to  be  capable  of  existence,  but  always 
goes  ioto  tbe  more  stable  one  =CH^CHO,  which  is  explicable  upcn 
the  aeBHtnption  that  water,  H.OH,  is  takeii  up  and  again  aplit  oEf. 
Bimilarly,  instead  of  the  group  CH5=(C0H)— CHj,  we  always  get  tha 
Other,  CHa— CO— CHj. 

AUyl  alcohol,  CgHj.OH,  =  CHs,=CH— CHaOH,  (Cahmrs 
and  Eofmaim,  1856).  Prfisent  to  the  extent  of  0-1  to  0'2  per 
cent,  in  wood  spirit.  Is  formed  (1)  from  allyl  iodide ;  (2)  by  re- 
duction of  ita  aldehyde,  acrolein  (see  this) ;  (3)  by  heating  glyce- 

,  rine,  G^^{0^\,  with  oxalic  or  formic  acid  and  some  ammonium 
chloride  to  260°.  This  last  reaction  appears  to  be  a  reduction 
proceaa,  thus,  CgH^Oa  -  H^O  -  0  =  CjHgO  ;  as  intermediate 
product,  however,  a  formic  ether  of  glycerine  (see  monoformin) 
is  obtained.  Allyl  alcohol  is  a  mobile  liquid  of  suffocating 
Mneli,  having  almost  the  same  boiling  point  (UT")  as  N.  propyl 
alcohol ;  like  the  latter,  it  ia  miscihle  with  water.  It  does  not 
take  up  nascent  hydrogen  directly,  but  chlorine,  bromine, 
cyanogen,  hypochlorous  acid,  etc.  Upon  oxidation  it  yields 
its  aldehyde,  acrolein,  and  acid,  acrylic  acid,  containing  the 
same  number  of  carbon  atoms,  and  is  therefore  a  primary 
alcohol ;  hence  the  above  consliiutional  formula.  With  chromic 
icid  it  ;yie}ds,  in  addition,  formic  acid, 

H  8am»l  higher  bomologaeB  are  tnown. 
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0.  Monatomic  Unsaturated  Alcohols,  CnHan-gOH. 

These  alcohols  are  derivatives  of  acetylene  and  its  homo- 
logues.  In  addition  therefore  to  the  general  properties  of  the 
alcohols,  and  those  common  to  the  unsaturated  alcohols  of  com- 
bining directly  with  4  atoms  of  H,  CI,  Br,  or  2  molecules  HCl, 
HBr,  etc.,  most  of  them  possess  the  further  peculiarity  of  form- 
ing explosive  compounds  with  ammoniacal  copper  and  silver 
solutions,  e.g,  CgHgAgOH,  the  former  being  coloured,  e,g, 
yellow,  and  the  latter  white;  acids  decompose  these  com- 
pounds backwards  again.  Those  of  them  which  do  not  yield 
such  metallic  compounds  contain,  not  a  triple  bond,  but  two 
double  ones  between  the  carbon  atoms.  The  most  important 
of  the  alcohols  is 

Propargyl  alcohol,  or  prqpinyl  alcohol, 

C3H3OH,   =  CH=C— CHgOH, 

a  mobile  liquid  of  agreeable  odour,  lighter  than  water,  and 
boiling  at  114°,  i.e.  somewhat  higher  than  normal  propyl 
alcohol.     It  takes  up  4  atoms  of  bromine. 


IV.  DERIVATIVES  OP  THE  ALCOHOLS. 

These  may  be  classed  in  the  following  divisions  : — 

1.  Ethers  of  the  alcohols,  e.g.  CgHg.O.CgHg,  ethyl  ether. 

2.  Thio-alcohols  and  ethers,  e.g.  CgHg.SH. 

3.  Compound  ethers  and  acid  derivatives  of  the  alcohols. 

4.  Nitrogen  bases  of  the  alcohol  radicles. 

5.  Other  metalloid  compounds  of  the  alcohol  radicles. 

6.  Metallic  compounds  of  the  alcohol  radicles,  or  organo- 
metallic  compounds. 

A.  Ethers  Proper,  (Alcoholic  Ethers). 

Under  ethers  of  the  monatomic  alcohols  are  understood 

compoimds  of  neutral  character  derived  from  the  alcohols  by 

elimination  of  the  elements  of  water,  (1  molecule  water  from 

2  molecules  alcohol).     They  can  frequently  be  prepai'ed  by 

treating  the  alcohols  with  sulphuric  acid,  and.  «uT^  di^tii^^iahed 


from  the  latter  by  not  combining  with  acids  to  form  etiiere, 
uid  by  boing  substituted  and  not  oxidized  by  the  halogens, 
etc.  Only  the  lowest  number  of  the  series  is  gasoouB,  moat  of 
them  are  liquid,  and  the  highest  are  solid.  The  more  volatile 
ethers  are  characterized  by  a  peculiar  odour  which  vanishes  as 
the  series  ascends. 

Unlike  the  alcohols,  no  one  hydrogen  atom  in  the  ethers 
plajs  a  rale  different  to  that  of  the  others  ;  eonseijueutly 
metallic  sodium  has  no  action  upon  them.     (See  p.  17.) 

Cimliiiilum.  The  ethers  may  be  regai'ded  as  the  anhy- 
drides of  the  monatomic  alcohols,  analogous  to  the  anhydrides 
of  the  mono-acid  bases : 

For  their  re-transformation  into  alcohols,  see  below. 
They  may  also  be  considered  ae  the  oxides  of  the  alcohol 
tudicles,  e.g.  {C^^)fi,  othyl  ether;  or,  lastly,  as  alcohols  in 
which  the  typical  hydrogen  atom  is  replaced  by  an  alcoholic 
nulicle ; 

CaH,.OH      CaH6.0(C,H,)  C,H,.0(CH<,) 

Alcohol,  Ethor.  Ethyl-melhyl  ether. 

The  alcoholic  radicles  contained  in  them  may  either  be  the 
Mne,  as  in  ordinary  ether  and  in  methyl  ether,  (CH^l^O,  in 
"Well  case  they  are  termed  "  flimple  ethera";  or  they  may  be 
different,  as  in  methyl-othyl  ether,  when  they  are  known  as 
"miied"  or  "intermediate  ethers." 

The  compound  ethers  of  the  acids  are  also  frequently  termed 
"ethers,"  e.g.  "acetic  ether "  =  ethyl  acetate. 
Ethers  of  tertiary  alcohols  are  not  known. 
Modes  offonnalion.     1.  By  heating  the  alcohols,  C„H„„^,,.OH, 
*ith  sulphuric  acid.     The  reaction  goes  on  in  two  phases,  e.g. 
'or  ethyl  ether  thus  : 

0,  CgH50H  +  SO,H,H  =  CjH5.(SO^H}-|-H20. 
6.  CjH^SO.H  -H  C^Hj-OH  =  C^Hg.O.C^H^  +  HgSOj. 
In  phase  a  an  ether-sulphuric  acid  is  formed,  which,  when 
fiirther  heated  with  alcohol,  as  in  b,  yields  ether  and  regener- 
ates galpharia  acid.     The  latter  ia  therefore  free  to  WOxV  aaiCTl , 
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and  in  this  way  to  convert  a  very  large  quantity  of  alcohol 
into  ether. 

This  process  is  theoretically  a  continuous  one,  but  practically  it  has 
ltd  limits,  through  secondary  reactions,  such  as  the  formation  of  SO3, 
etc.  The  method  is  only  suitable  for  primary  alcohols,  secondary  and 
tertiary  going  too  easily  into  olefines.  Hydrochloric,  hydrobromic  and 
hydriodic,  among  other  acids,  act  similarly  to  sulphuric  acid ;  thus 
ether  is  obtained  upon  heating  alcohol  with  dilute  hydrochloric  acid  in  a 
sealed  tube  to  180°,  ethyl  chloride,  CaHgCl,  being  formed  as  intermediate 
product,  and  then  reacting  to  yield  alcohol  in  a  way  analogous  to  that 
given  in  the  following  mode  of  formation.  Upon  heating  alcohol  with 
hydrochloric  acid  there  ensues,  however,  a  state  of  equilibrium  between 
the  alcohol,  ether,  ethyl  chloride,  hydrochloric  acid  and  water,  after 
which  the  same  quantity  of  each  of  these  products  is  destroyed  as  is 
formed  in  unit  of  time. 

2.  By  the  action  of  halogen-alkyl  upon  sodium-alkylate,  or 
also  upon  alcoholic  potash  : 

C2H5I  +  CgHg.ONa  =  C2H5.O.C2H5  +  Nal. 

3.  From  halogen-alkyl  and  dry  silver  oxide,  AgaO,  (also  HgO  and 

NajO) : 

2C2H5I  +  AgaO  =  C2H5. 0.  CaHg + 2  Agl. 

Modes  of  formation  1  and  2  yield  mixed  as  well  as  simple 

ethers,  e.g,  : 

C2H5.SO4H  +  CH3.OH    =  C2H5.O.CH3  +  H2SO4. 

CgHjiI  +CH3.0Na  =  C6Hii.O.CH3  +  NaI. 

Properties.     1.    The   ethers  are  very  stable.       Ammonia, 

alkalies,  dilute  acids,  and  metallic  sodium  have  no  action  upon 

them,  nor  has  phosphorus  pentachloride  in  the  cold. 

2.  When  superheated  with  water  in  presence  of  some  acid, 
such  as  sulphuric,  the  ethers  take  up  water  and  are  re-trans- 
formed into  alcohols,  the  secondary  more  readily  than  the 
primary. 

This  change  also  goes  on,  but  extremely  slowly,  simply  upon  standing. 

3.  Upon  warming  with  concentrated  sulphuric  acid,  alcohol  and 
ethyl-sulphuric  acid  are  formed  : 

C2H5O.  C2H5  -I-  HHSO4 = OaHg.  OH  -f-  C2H5.  (SO4H). 

4.  Saturated  with  hydriodic  acid  gas  at  0°,  the  ethers  split 

up  into  alcohol  and  alkyl  iodide  : 

C2H6.O.C2H5  +  HI  =  CaHg.OH  +  C2H5I. 
WbeD  the  ethers  are  "  mixed,"  the  loduxe  «AAi8yc^\Le&\\»eili  to  the  radiol^ 
poorer  in  carbon. 


5,  Wfaenbeated  withbalogen-pliosphorua,  thn  oxygon  atom  in  re[]lace<l 
by  two  of  halogen,  two  nioleculea  of  halogcQ^alkyl  ruBulting. 

6.  Like  the  alcohols,  the  ethers  are  oxidizable,  e.ff.  by  nitric 
mi  chromic  acids,  but  halogena  substitute  in  them  and  do  not 
mAize ;  in  t^is  latter  reepect  they  resemble  the  hydrocarbons. 

Ethyl  ether,  "  Elher,"  {C^B,)^0. 

DiicoVBred  by  Valerius  Cordiw  about  1544,  aud  poaaibly  bafore  tliat 
time  by  ]taffmo7ijl  Lulty.  It  vob  also  called  "aulphiiric  ether,"  and 
"vitriol  Gtlier,"  on  account  of  its  being  enppoaed  to  contain  anlphur, 
lU  composition  was  eatabliehed  by  Sattaaure  in  1S07,  and  Gay  Luuac 
b  1815, 

h^ration.  By  the  continuous  proceaa  from  ethyl  alcohol 
inil  sulphuric  acid  at  140°,  with  gradual  addition  of  the 
alcohol,  according  to  Bovllay.  It  is  freed  from  alcohol  by 
shaking  with  water,  and  dried  by  distillation  over  lime  or 
cilcium  chloride,  and  finally  over  metallic  sodium, 

Thcoria  of  the  formation  o/  Ether.  At  first  the  action  of  tlio  sulphurio 
>nd  was  considered  to  consist  in  an  abstraction  of  water.  Later  on,  it 
waa  thought  that  the  acid  gave  rise  to  a  contact  action,  ( Mitucherlielt, 
Smiline),  but  Liebig  showed  that  this  view  was  incorrect,  aince  ethyl- 
mlphnric  acid  ia  formed.  Liebig  a,BBunied  that  ethyl-eulphurie  acid 
broke  up,  npon  heating,  into  other  and  SO3,  but  Oraham,  on  the  other 
liiuid,  proved  that  the  acid  f^vea  no  ether  when  heated  alone  to  140°, 
Init  onlf  nben  heated  along  with  more  alcohol, 

4.  After  this,  Williamson  propounded  the  theory  of  etheri- 
EcstioE  at  present  held,  a  theory  based  on  the  opinion  of 
■Uui'ffli  and  Gerhardl  that  ether  contains  two  ethyl  radicles. 
Its  rorrectneas  was  proved  by  mode  of  formation  2,  and  also  by 
lie  preparation  of  mixed  ethers, 

Properlies.  Mobile  liquid  with  powerful  ethereal  odour,  very 
folitiie.  M.  Pt.,  -  129° ;  B,  Pt.  +  34''-9 ;  Sp,  Gr.  at  l?"-!,  0-72, 
Vsponr  tension  equal  to  10  atmospheres  at  120°.  Produces  great 
told  on  evaporation.  Is  easily  inflammable,  and  therefore  dan- 
gerous as  a  cause  of  fire,  from  the  disaemination  of  its  very  heavy 
Wponr ;  a  mixture  of  it  with  oxygen  or  air  is  explosive.  When 
humt  very  slowly  and  incompletely,  "  lampenic  acid,"  an  acid 
*hich  is  as  yet  but  little  known,  is  produced  with  phosphores- 
awiw  It  IS  Bomenrhat  soluble  in  water  (1  partin  "ItJ"!,  anA,  coa- 
3vt^aneB  of  water  dissolve  in  100  voVumea  eftiei  ■,  'Coa 
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presence  of  water  can  be  detected  by  the  milkiness  which  ensues 
upon  the  addition  of  carbon  bisulphide.  Miscible  with  concen- 
trated hydrochloric  acid.  Ether  is  an  excellent  solvent  or  ex- 
tractive for  many  organic  substances,  and  also  for  I,  Br,  CrOg, 
FegClg,  AuClg,  PtCl^  and  other  chlorides.  It  forms  crystalline 
compounds  with  various  substances,  eg,  the  chlorides  and 
bromides  of  Sn,  Al,  P,  Sb,  and  Ti,  being  present  in  them  as 
**  ether  of  crystallization." 

When  dropped  upon  platinum  black  it  takes  fire,  and  when 
poured  into  chlorine  gas  an  explosion  results,  hydrochloric  acid 
being  set  free.  In  the  dark,  however,  and  in  the  cold,  sub- 
stitution by  chlorine  is  possible ;  the  final  product  of  the 
substitution,  perchloro  ether,  C^CIiqO,  is  solid  and  smells 
strongly  like  camphor. 

Uses.  Ether  was  first  employed  as  an  anaesthetic  by  Simpson 
in  1848,  but  this  property  had  been  previously  observed  by 
Faraday.  It  is  further  used  as  an  extractive  in  the  colour 
industry,  as  HofmanrCs  drops  when  mixed  with  1  to  3  volumes 
of  alcohol,  for  ice  machines,  and  for  the  preparation  of  col- 
lodion, etc. 

Methyl  ether,  (CH3)20,  {DumaSj  Peligot)^  closely  resembles  common 
ether ;  gaseous  at  the  ordinary  temperature,  but  liquid  under  -  20°. 
It  is  prepared  on  the  large  scale  for  the  production  of  artificial  cold. 

As  regards  the  boiling  points  of  the  ethers,  the  following  law  holds 
approximately  :  the  boiling  point -=B.  Ft.  of  the  first  constituent  alcohol 
+  B.  Pt.  of  the  second  alcohol  -120^  Thus,  the  boiling  point  of 
(C2H5)20=78**  +  78''-  120°=36°. 

Ethyl-cetyl-  and  Di-cetyl  ethers  are  solid  at  the  ordinary  temperatures. 

Several  ethers  with  unsaturated  alcohol  radicles  are  also  known, 
e.g.  AUyl  ether,  (C3H6)20,  and  Vinyl-ethyl  ether,  C2H3— O— CgHg, 
B.Pt.  35° '5.     These  can  combine  directly  with  bromine. 

Isomers.  The  general  formula  of  the  saturated  ethers  is 
CnH2n+20.  To  each  ether  there  is  therefore  a  corresponding 
saturated  alcohol  which  is  isomeric  with  it,  thus  CgHgOss 
methyl  ether  or  ethyl  alcohol,  C^H^qO  =  di-ethyl  ether  or  butyl 
alcohol,  and  so  on.  From  C4H1QO  on,  however,  several  different 
isomeric  ethers  are  not  only  possible,  but  are  also  known,  e.g. 
di-ethyl  ether,  (G^^jd^  is  isomeric  with  methyl-propyl  ether, 
CHg.O.CsH^;    similarly    mettyl-amyl    e^Xiec,  ^^^5^,^^^^, 


ethyl-liutjl  ether,  CjH^.O.C^Hj.  and  di-propyl- ether, 
C,H;.O.CjHj  are  all  ifiomeric.  Isomerism  of  tliis  kind 
depeniU  u[jon  the  fact  that  the  alcoholic  radicles — aod  iiydro- 
, gen— are  homologous,  ao  that  for  equal  sums  total  of  citrbon 
itonia  the  aiimB  of  the  hydrogen  aloma  must  oIbo  be  equal. 

Such  iBomeriam,  which  depends  upon  the  gi'ouping  together 
by  a  polyvalent  element — in  this  case,  oxygon^ — of  uluoliol 
ndicles  which  are  individually  unequal,  but  the  sums  of  wliose 
demeiitE  taken  together  are  equal,  is  called  metamerism.  One 
of  tlie  alcohol  radicles  may  here  be  replaced  by  hydrogen. 

TliB  eatahlishiiig  of  the  ctmsHhitim  of  the  etliers  is  based 
upon  (a)  their  syntheses  accoixling  to  modes  of  formation  1  or  2, 
aad  (i)  their  decomposition  by  HI  according  to  p.  HO. 

Alcobola  and  ethers  containing  an  etiual  number  of  curboii  ntonia  are 
ttieruFute  metiimerio.  Alcohols  are  accordiii|;ly  oompounilH  wliiuh  con- 
tvD  hydrogen  and  oue  alcohol  radicle  joined  togethur  by  niEana  of 
raygeu.  Ethers,  on  tho  other  hand,  are  compounda  containiug  twu 
ilcobol  radicles  similarly  joined. 

It  itanda  to  reason,  of  courae,  that  all  those  varieties  of  isomerutiri 
■dich  are  found  in  the  alcohols,  and  therefore  in  the  alcohol  roilicles, 
Ml  also  Dccnr  in  the  ethers  which  contain  these  radicles. 

Farklies  of  Isomeiism.  The  cases  of  isomerism  which  have 
l»en  mentioned  up  to  now  are  of  throe  kinds.  The  first  was 
tbe  iauinerism  of  the  higher  paraffins,  which,  since  it  ia  based 
BpDQ  the  dissimilarity  of  the  carbon  chains,  is  often  termed 
chain-isomerism.  The  isomerism  between  ethylene  and  ethy- 
lidene  chlorides  or  between  primary  and  secondary  propyl 
dtoholg  depends  upon  the  differences  in  position  of  the  aubati- 
baih^  halogen  or  hydroxyl  in  the  same  carbon  chain,  and  is 
twmed  isomerism  of  place  or  position.  In  addition  to  these 
tLDre  is  the  third  kind,  metamerism.  Further  cases  will  be 
spoken  of  under  the  Benzene  derivatives. 

B.  Thio-alcohols  and  -ethers- 

IBethyl  mercaptan,  CH3.SH,  {Dujms  and  Pdigd).     B.  Pt.  6°. 
Sthyl  mercaptan,  OjH^.SH,  {Zdse,  1833).     B.  Pt.  36'. 
Methyl  aulphide,  (CHJ^S,  {ffegnavU).     B.  Pt.  37°. 
Ethyl  Bulphide,  (O^j^S.    B.  Pt.  92°,  etc. 
ftw  theideoboh  and  ethers  suljihur  compounda  are  lieiiWei, 
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by  the  replacement  of  one  atom  of  oxygen  by  one  of  sulphur. 
These  are  liquids  of  a  most  unpleasant  and  piercing  odour, 
something  like  that  of  leeks;  they  are  nearly  insoluble  in 
water  and  the  lower  members  are  very  volatile.  The  higher 
homologues  are  not  so  soluble  in  water,  but  continue  soluble  in 
alcohol  and  ether,  and  their  smell  is  less  strong  on  account  of 
the  rise  in  the  boiling  point.     They  are  readily  inflammable. 

The  Thio-alcohols,  also  called  mercaptans  or  alkyl  sulph- 
hydrates,  e.g,  mercaptan,  CgHg.SH,  although  of  neutral 
reaction,  possess  the  chemical  characters  of  weak  acids  and  are 
capable  of  forming  salts,  the  "mercaptides,"  especially  mercury 
compounds.  The  name  "  mercaptan"  is  derived  from  "corpus 
mercurio  aptum."  They  are  soluble  in  a  strong  solution  of 
potash. 

The  Thio-ethers,  also  termed  alkyl  sulphides,  e,g.  ethyl 
sulphide,  (02115)28,  are  on  the  other  hand  neutral  volatile 
liquids  without  acid  character. 

Both  classes  of  compounds  are  derived  from  hydrogen 
sulphide  by  the  replacement  of  either  one  or  both  atoms  of 
hydrogen  by  alcohol  radicles,  just  as  alcohol  and  ether  are 
derived  from  water : 

If  only  one  of  the  atoms  in  hydrogen  sulphide  is  substituted 
by  an  alcohol  radicle,  the  remaining  atom  preserves  in  the  new 
compound  its  original  character  and  is  easily  replaceable  by 
metals.  The  mercaptans  are  therefore  monatomic  compounds 
of  faintly  acid  character. 

The  above  thio-compounds  are  not  termed  ethers  of  hydrogen 
sulphide  because  they  are  not  saponifiable. 

The  constitution  of  these  compounds  follows  at  once  from 
their  modes  of  formation. 

Formation,     The  mercaptans  result : 

1.  By  warming  halogen  alkyl  or  alkyl  sulphate  with 
potassium  sulph-hydrate  in  concentrated  alcoholic  or  aqueous 
solution  : 

OgHgBr  +  KSH  =  C^Hj^.SH  +  KBr. 
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1  By  heatiDg  alcohol  with  phoeph'jriis  sulphide,  t\H:  oxy^vji 
being  thus  replaced  by  sulphur,  {Kekaie). 
The  tbio-ethers  are  Bimilarly  obtained — 

1.  From  halogen  alkyl  or  alkyl  sulphate  and  uoulial 
patasslum  sulphide  ; 

aCsH^-SO^K  +  K,S  =  (CaHJ^S  +  2K.,H0^. 

2.  By  treating  etber  with  phoaphoruH  pentaaulphida, 

3.  From  halogeti  atkyl  unil  aojium  meri^aptide. 

4.  By  tliB  dixtillatiuii  of  mercury  mercaptiile,  lIg>S  lioiiig  formed  ut  t!io 

"Mixed  sulphides,"  comparable  with  the  "mixed  ethers, " 
can  also  be  prepared,  e.g.  methyl-othyl  sulphide,  C^Hj.S.CH^. 

Behaviour.    A.  The  MercaptanB. 

Sudium  and  potassium  act  upon  the  mercaptans  to  fonn 
Hxlium  and  potassium  salts,  white  crystalline  compounds, 
which  are  decomposed  by  water.  The  mercury  salts  are  got 
bf  warming  an  alcoholic  solution  of  mercaptan  with  mercuric 
oride,  e.g.  mercuric  mercaptide,  Hg(CgH58)3,  (white  plates). 
ffith  mercuric  chloride  difficultly  soluble  double  compounda 
we  formed,  e.g.  (CgHj.S)!!^.^!,  a  white  precipitate.  The  lead 
ulta  are  mostly  yellow- coloured,  and  are  produced  upon  mixiag 
ilcobohc  Bolutiona  of  mercaptan  and  lead  acetate.  The  (;o]ipcr 
eilt  of  mercaptan  is  a  bright  yellow  precipitate. 

2.  Upon  oxidation  with  nitric  acid  the  mercaptans  are 
tranaformed  into  alkyl-sulphonic  acids,  thus  : 

CjH6.SH  +  30=  CJH5.SO3H,  {ethyl-sulphonic  acid). 

3,  The  mercaptans  in  the  form  of  sodium  salts  are  oxidized 
fcy  iodine  or  by  sulphuryl  chloride,  SO^Clg,  (B.  18,  3178),  and 
■Iso  frequently  in  ammoniacal  soluttoa  in  the  air  to  di-suljikides, 
eg-  ethyl  di-Bolphide,  (Ci^H^j^S^,  thus : 

2C5H5S.  Na  -f  Ij  =  (CjH5)3Sb  +  2NaI. 

These  are  disagreeably  smelling  liquids,  which  have  a  much 

liigher  boiling  point  than  the  mercaptans,  are  again  reduceii  by 

unsceut  hydrogen,  and  yield  with  nitric  acid  di-snlpli-oxides, 

".?.  ethyl  di-snlph- oxide,  {C^n^)S2'^2- 

14.  By  the  nation  of  auticeiitr»ted  snlphuriu  acid  disnlpUdeB  result, 
Hid  DDt  toniyoundB  imalogoua  tu  etliyl-sulphurii!  auid. 
B.  The  Thio-ethers. 


V 
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1.  They  yield  double  compounds  with  metallic  salts,  e.g, 
(€2115)28,  HgClg,  which  can  be  crystallized  from  ether. 

2.  They  are  capable  of  combining  with  halogen  or  oxygen. 
Thus  ethyl  sulphide  forms  with  bromine  a  dibromide,  crystal- 
lizing in  yellow  octohedra : 

(CA),S  +  Br,  =  (C2H5),SBr,; 
and  with  dilute  nitric  acid,  diethyl  sulph-ozide : 

(0^)28 +  0  =  (C2H,)2SO 
a  thick  liquid  soluble  in  water,  which  combines  further  with 
nitric  acid  to  the  compound,  (02115)280,  HNO3.  Ooncentrated 
nitric  acid  or  permanganate  of  potash  oxidizes  the  sulphides  or 
sulph-oxides  to  sulphones,  e.g,  ethyl  sulphide  to  (di)-ethyl  sul- 
phone,  (03115)2802,  and  methyl-ethyl  sulphide  to  methyl-ethyl 
sulphone,  (OH3)  (03115)802.  The  sulphones  are  solid  well- 
characterized  compounds  which  boil  without  decomposition. 

The  sulph-oxides  are  reduced  by  nascent  hydrogen  to 
sulphides,  but  not  the  sulphones. 

3.  The  behaviour  of  the  sulphides  towards  the  halogen  alky  Is 
is  of  especial  interest.  Thus  the  substances  (OH3)28  and  OH3I 
combine  even  in  the  cold  to  the  white  crystalline  tri-methyl- 
sulphine  iodide,  (OH3)38I,  which  is  soluble  in  water,  and 
which  goes  back  into  its  components  upon  heating.  This 
compound  behaves  exactly  like  a  salt  of  hydriodic  acid,  and 
yields  with  silver  oxide — (but  not  with  alkali) — an  oily 
base,  tri-methyl-sulphine  hydroxide,  (0113)38.011,  which 
cannot  be  volatilized  without  decomposition.  This  is  as 
strong  a  base  as  caustic  potash  and  resembles  the  latter  so 
closely  that  it  absorbs  carbonic  acid,  cauterizes  the  skin,  drives 
out  ammonia,  and  gives  salts  with  acids  with  the  evolution  of 
heat,  etc.,  etc. ;  it  also  yields  salts  with  hydrogen  sulphide 
which  are  extremely  like  the  alkaline  sulphides,  e.g,  they 
dissolve  8b283,  {Oefele^  1833 ;  Cahours). 

The  compounds  just  described  are  of  particular  interest  with  regard 
to  the  question  of  the  valency  of  sulphur. 

Since  in  ethyl  sulphide  both  the  alcohol  radicles  are  bound  to  the 

sulphur,  this  will  also  be  the  case  in  ethyl  sulphone,  otherwise  the 

sulphones  would  manifestly  be  easily  sapom^aXAe.    (^S^^k  ¥lthyl  aulphur- 

oiis  acid. )     ProbabJy  the  sulphur  in  ihem.  is  \ie^^N«\eo\.,  QiatTvt«^Q.\\.^\w' 


witli  the  fannola,  J^'n'^S^^.  iBomerB  of  the  auIphniieB,  whirjh 
ire  reailily  anpoiuflable,  have  recently  been  preparer!  fOllv,  B.  IB, 
'^OO},  The  ealphinic  hydrexides  also  can  only  be  enplikmiMl  vuiy 
iuolScieDtly  as  addition  compounds,  on  the  uiBnmptiaD  of  the  dlvslenoe 
ot  Bulphur.  The  formnla  (CHj)aS  + CHjOH  for  tri-niHthyl  Hulphino 
hydroiidH  doea  not  indicate  in  the  least  the  strongly  hasic  chftraoter  of 
Hui  Bobatance,  since  it  is  not  explicablu  why  the  mere  addition  of  the 
ncDtnd  methyl  alcohol  to  the  equally  ueutral  methyl  sulphitlo  should 
produce  such  an  effect.     More  probable  is  one  of  the  two  formulae— 

(CH,)a^S— (OH) ;  or,  (CHaJj^'s— (OH)  -, 

even  if  they  do  not  overcome  all  the  dilGcnltieB  involved, 

Witb  respect  to  isomerB,  the  same  general  conditions  [irevaii  in  the 
lulphur  as  in  the  corceeponding  oxygen  compounds. 

Sulphides  of  UnBaturated  Alcohol  Hadiclea. 

Tlnyl  Suliphlde,  (CgE,)^.     Present  in  Allium  nrsiuum. 

Allyl  anlphide,  (C3Hj)aS,  {IVertlmm,  1844),  prcBent  in  the 
oil  of  allium  sativum — oil  of  garlic, — in  Thlapsi  arveiise,  etc. 
Prepared  from  allyl  iodide  and  K^S,  (Ilofimnn,  Cahours). 

Analogous  selenium  and  teUurlum  compounds  of  alcohol  rojiiclca  are 
ilw  known.  They  are  in  part  distingaisbed  by  their  excessively  dis- 
itgi^eable,  nanacona,  and  persistent  odour. 

0-  Ethers  of  the  Alcohols  with  Inorganic  Acide 
and  their  Isomers, 

The  compound  ethers  may  b  Id        d  n  ed  from 

tbe  adds,  (see  pp.  78  and  70)  by  th  b     g      f  th    replace- 

«f)le  liydrogeu  of  the  latter  folll  dl  jtaa  salts 
result  by  exchanging  the  hyd       n  f        m  t  1 — 

HNOg.  KNO  (C  H  )N0 

Or,  they  are  derived  from  the  alcohols  by  exchange  of  the 
alcoholic  hydrogen  atom  for  an  acid  radicle,  i.e.  for  the  acid 
residae  which  ie  comhiLed  with  OH — 

CaH^-O.H.       CsHf,.0.(NO,).       C,H,.0.{SO,H). 
The  different  ways  of  writing  the  formulae  of  cthcTs,  aucV  aa 
^S^^ti,  (^ByaNO^  etc.  are  all  equally  jnatiftaAAe. 
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Monobasic  acids  yield  only  one  kind  of  ether,  "  neutral 
ethers,"  which  are  analogous  to  the  neutral  salts  of  those  acids. 

Dibasic  acids  yield  two  series  of  ethers,  (1)  acid  ethers  and 
(2)  neutral  ethers,  corresponding  respectively  with  acid  and 
neutral  salts ;  thus,  CgHg.H.SO^  and  (02115)2 .  SO4  are  the 
acid  and  neutral  ethyl  ethers  of  sulphuric  acid.  Tribasic  acids 
yield  three  series  of  ethers,  etc. 

The  composition  of  the  compound  ethers  is  therefore  exactly  analog- 
ous to  that  of  salts,  so  that  in  the  definition  of  polybasic  acids  their 
behaviour  in  the  formation  of  ethers  may  also  be  included. 

The  neutral  ethers  are  mostly  liquids  of  neutral  reaction, 
and  often  of  very  agreeable  odour,  with  relatively  low  boiling 
points,  and  volatile,  eventually  in  a  vacuum,  without  decom- 
position. Most  of  them  are  either  almost  or  quite  insoluble 
in  water.  The  acid  ethers,  also  called  ether-acids,  on  the 
other  hand,  are  of  acid  reaction,  without  si^ell,  usually  very 
easily  soluble  in  water,  much  less  stable  than  the  neutral 
ethers,  and  not  volatile  without  decomposition.  They  act  as 
acids,  i.e.  form  salts  and  ethers. 

All  compound  ethers  are  characterized  by  the  property  of 
combining  with  water  and  going  back  again  into  their  com- 
ponents, i.e.  of  undergoing  "  saponification,"  when  boiled  with 
alkalies  or  acids,  or  when  heated  with  steam  to  over  100°,  e,g, 
150-1 80".  This  sometimes  takes  place  simply  upon  mixing 
with  water  at  the  ordinary  temperature. 

General    modes    of  formation.      1.    The   ethers    frequently 

result  directly  from  their  components,  with  elimination   of 

water.     Such  a  reaction,  however,  is  only  possible  when  the 

water  produced  by  it  is  rendered  harmless,  e.g.  by  being 

taken  up  by  the  acid  employed,  for  instance,   concentrated 

H2SO4,  HCl,  or  HNO3 ;   otherwise  the  ether  obtained  would 

be  retransformed  into  its  alcohol. 

A  direct  formation  of  ether  does  not  proceed   quantitatively  on 

account  of  the  disturbing  effect  of  the  water  produced  in  the  reaction. 

When  equivalent  proportions  of  alcohol  and  acid  are  used,  a  definite 

point  of  equUibrium  is  arrived  at  which  cannot  be  passed  even  upon 

prolonged  heating;  an  excess  of  acid  or  alcohol  increases  the  yield. 

The  acid  ia  therefore  frequently  allowed  to  »ict  m  \»Vift  T^aaAOiit  state,  by 

distilling  a  mixture  of  one  of  its  salts  with  coiiceiitt«\AdL  lEl^Q^«sA>i2&s 
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tlcohol  in  qiiBBtion  ;  or  a  mixture  of  the  alcohol  and  acid  U  alloived  to 
drop  into  concentrated  sulpliiiiic  acid  hoateil  to  130°,  whoo  the  etlier 
distiU  over  ;  or  the  same  mixtore  is  saturated  with  gaseouB  hydrochloric 
tad.  This  last  method  ia  very  often  followed,  the  reaction  going  pnrCly 
Kconliag  to  mode  of  farmation  3.     (Cf.  also  p.  90.) 

2.  The  alcohol  is  heated  with  the  acid  chloride,  thus  ; 

SO^Cl^  +  2C2H5.OH  =   S0(0CjHj)2  +  2IICI. 

3.  The  silver  salt  of  the  acid  Is  heated  with  alkyl  iodide, 
this  heiog  a  mothod  generally  applicable,  although  it  often 
leads  to  isomers  of  the  expected  ether  : 

aCaHjI  +  SO.Ag^  =  S0,(CaHg)3  +  2AgI. 
feidea  the  real  acid  othera,  tharo  arc  alao  treated  under  this  diviaion 
aererat  other  classes  of  acid  derivatives  isomeric  with  them,  but  dls- 
lingniiihed  from  them  hy  not  being  aaponiliable,  i.e.  by  being  more 
Etabla,  e.g,  nitro- compounds,  Hulphonic  auil  phoaphinic  auida,  eto.  The 
hrdrooyanic  derivatives  of  the  alcohols  will  also  be  described  here  tor 
the  sake  of  convenience.  These  latter  likewise  do  not  show  the  normal 
ether-saponifiability  into  alcohol  aod  acid,  but  are  brokun  up  by 
nprnifying  ogeuta  in  another  direction. 

1.  Elthers  of  Nitric  Acid. 

Methyl  Nitrate,  CH3.(NOs),  =  CH^.0.(N02);  colourless 
liqnid,  B.  Pt.  66°. 

Ethyl  Nitrate,  or  Mtic  Ether,  CaHj.O.NO^,  {MiU<m). 
B.  Pt.  86°.  Mobile  liquid  of  agreeable  odour  and  sweet  taste, 
but  with  a  bitter  after-taste;  burns  with  a  white  flame.  Both 
tbaae  ethers  are  soluble  in  water.  The  latter  is  prepared 
directly  from  its  comi>onenta,  with  the  addition  of  some  urea. 

Like  all  nitric  ethers,  the  above  compounds  contain  a  large 
proportion  of  oxygen  in  a  form  in  which  it  ia  readily  given 
up,  Knd  they  therefore  explode  npon  being  suddenly  heated 
rtroiigly.  They  saponify  easily  upon  boiling  with  alkalies. 
Tin  and  hydrochloric  acid  reduce  them  to  hydroxylamitie  : 
CjH5(N03)  +  3Sn  +  6HCl  =  CaHsOH  +  NH.O  +  aSnCla  +  H.O. 

Here  also  the  nitrogen  separates  from  the  alcohol  radicle, 
»  reaction  similar  to  saponification. 

a  Derivatives  of  Nitrous  Acid. 
Ja^ad^l^Cn'l^B  and  mtro-compounds.  l\W^^^S 
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a.  Ethers  of  Nitrous  Acid,  HNOg. 

These  are  obtained  by  the  action  of  nitrogen  trioxide  or  of 
potassium  nitrite  and  sulphuric  acid,  or  of  copper  and  nitric 
acid  upon  the  alcohols.  They  are  liquids  of  aromatic  odour, 
neutral  reaction  and  very  low  boiling  point,  and  are  easily 
saponifiable.  Nascent  hydrogen  also  reconverts  them  into 
alcohol,  ammonia  being  formed  at  the  same  time. 

For  constitution,  see  nitro-compounds. 

Ethyl  Nitrite,  C2H5.0.(NO),  {Kunkel,  1681).  Formerly 
called  "sweet  spirits  of  wine  or  saltpetre  ether."  Mobile 
liquid  of  a  piercing  ethereal  odour,  somewhat  resembling  that 
of  Borsdorf  apples,  and  of  a  peculiar  stinging  taste.  B.  Pt. 
+ 18°.  Bums  with  a  bright  white  flame.  Its  alcoholic 
solution  is  the  oflScinal  "Spiritus  aetheris  nitrosi,"  and  is 
used  as  a  taste  corrective.  Ethyl  nitrite,  as  well  as  amyl 
nitrite,  finds  application,  e.g,  in  the  preparation  of  diazo-com- 
pounds,  (see  these). 

Methyl  Nitrite,  CH3O.NO.     Gaseous. 

Amyl  Nitrite,  C5HuO.NO.  B.  Pt.  96°.  Pale  yellow 
liquid.  Is  used  in  medicine;  it  produces  expansion  of  the 
blood  vessels  and  ^relaxation  of  the  contractile  muscles. 
Isomeric  with  these  ethers  are 

^.  The  Nitro-derivatives  of  the  Hydrocarbons. 

These  are  colourless  liquids  of  ethereal  odour,  almost  or 
quite  insoluble  in  water,  and  boiling  at  temperatures  up  to  100° 
higher  than  their  isomers.  Like  the  latter  they  distil  with- 
out decomposition,  and  occasionally  explode  upon  being 
quickly  heated.  They  are  fundamentally  distinguished  from 
the  nitrous  ethers  by  not  being  saponifiable,  and  by  yielding 
amido-compounds  (see  these)  on  reduction,  the  nitrogen  being 
thus  not  separated : 

CH3.NO2  +  3H2  =   CH3.NH2  +  2H2O. 
Nitro-methane,  CH3.NO2,  (Kolbe,  V.  Meyer,  1873).     B.  Pt. 
99M0r;  Sp.  Gr.  >  1. 
Nitro-ethane,    C2H5.NO2,   (F.    Meyer  and    Stiiber,    1872). 
^  I^t  113°-114° ;    the  vapour  does  not  explode  even  at  a 
mucli  higher  temperature.     Bums  witYi  a  "bi\^\i  ^«ai^. 
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General  modes  of  formtdion.  1.  By  treating  iilkyl  iodiile 
with  silver  nitrite,  {V,  Meyer),  iiitro- me  thane  alouc  rcsiilts, 
nitro-ethane  in  about  an  equal  proportion  with  its  isomer, 
and  the  higher  homologuea  in  regularly  docreasiny  amounto 
as  compared  with  those  of  their  isomers,  from  which  however 
they  are  easily  scparatod  by  distillation  : 

CHjI  +  AgNO,   =   CHj.NO,  +  AgL 

2.  Nitro -methane  a  farther  formed  from  mono-chloracclatu  aaJ 
nitrite  of  potassium,  by  exchange  of  Ct  for  NO,  and  apparation  iif  C'Oj, 

NiCro-coui pounds  do  not,  on  the  other  hiuid,  reauU  frnm  the  autiim  of 
nitric  acid  apon  the  fatty  hj'drocarUonB,  or  at  leaat  extremely  seldom. 
(Difference  from  tho  aromatic  hydrocarbona.) 

Tlie  consiitttticn  of  the  nitro- compounds  is  arrived  at  from 
their  not  being  saponifiahle,  and  from  the  fact  that  the  nitrogen 
is  not  spht  off  on  their  reduction  but  remains  directly  Ijouud 
to  the  carbon  in  tho  resulting  amines,  (see  these).  Conse- 
quently  the  nitrogen  in  them  must  he  directly  joined  to  the 
alcohol  radicle,  ie.  to  the  carbon,  and  so  their  constitutional 
formula  is  K.NO^;  for  instance  : 

0  ^0 

CHg— N<T ,  or  CH3— N^ 

according  ae  N^  is  taken  aa  tri-  or  pcntavalent. 

Nitrogen  which  is  bound  directly  to  an  alcohol  radicle  is 
lerefore  not  separated  by  saponifying  agents.  Since  tlie 
itrogen  of  the  isomeric  nitrous  ethers,  on  tho  other  hand,  is 
M^ly  split  off  from  the  alcohol  radicle  either  by  saponification 
by  reduction,  it  is  manifestly  not  directly  combined  with 
■  carbon  but  only  through  the  oxygen.  The  nitroua  ethers 
lerefore  receive  the  constitutional  formula  R.O,{NO),  e.ij. 

CHa— 0— N=0, 
taking  nitrogen  aa  trivalent. 

thU  follows  for  the  hypothetical  hydrattd  nitroita  acid  the 
fcnnula  H.O.N:0,  and  for  anhydride  the  formula  (NU)jU.       Siiiuiltano- 
dy   we  attain  from   this   to   the   constitnti'in    of   nitric    acid.     I'be 
imatic  hydrocarhons,  e.g.  henzene,  C,H|„  yield  with  tlie  latter  iiitro- 
aponuda,  which  will  he  treateil  of  later  ou,  tbii£ : 

CJIgH  +  BNO^  =  C',H,.NOj  +  K,/). 
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Nitric  acid  therefore  contains  a  nitro-group  bound  to  hydroxyl,  cor- 
responding with  the  formula : 

H.O.NO2  =  H-0— N^,  or  H— 0-N<3>. 

Behaviour.  1.  They  yield  amines  with  reducing  agents, 
such  as  iron  and  acetic  acid,  tin  and  hydrochloric  acid,  etc. 

2.  When  the  alcohol  which  corresponds  to  the  nitro-com- 
pound  is  a  primary  or  secondary  one,  so  that  the  carbon  atom 
which  is  joined  to  the  nitro-group  is  at  the  same  time  joined 
to  hydrogen,  as  in  the  groups  — CHg.NOg  and  =CH.N02,  this 
hydrogen  is  replaceable  by  metals,  and  consequently  such 
nitro-compounds  possess  the  characteristics  of  acids. 

For  instance,  by  the  action  of  alcoholic  soda  upon  nitro-ethane  and 
nitro-methane,  the  compounds  CH3.CHNa.NO2  and  CH2Na.N02  are 
formed,  both  crystallizing  in  fine  needles  and  being  explosive. 

The  nitro-compounds  of  tertiary  alcohols  behave  otherwise. 
Since  they  contain  no  hydrogen  joined  to  the  carbon  atom 
which  is  bound  to  the  nitro-group,  they  have  not  an  acid 
character ;  the  acidifying  influence  of  the  nitro-group  does  not 
therefore  extend  to  those  hydrogen  atoms  which  are  joined  to 
other  carbon  atoms. 

The  hydrogen  in  the  primary  and  secondary  mono-derivatives,  which 
is  attached  to  the  same  carbon  atom  as  the  N02-group,  can  also  be 
replaced  by  bromine.  So  long  as  hydrogen,  as  well  as  this  bromine  and 
the  nitro-group,  remains  joined  to  the  carbon  atom  in  question,  the 
compound  is  of  a  strongly  acid  character,  but  when  it  also  is  substituted 
by  bromine,  the  compound  becomes  neutral;  e.g,  dibromo-nitro-ethane, 
CH3.CBr2.NO2,  is  neutral. 

3.  The  primary  nitro-compounds  yield  with  concentrated  hydrochloric 
acid  at  140°,  acids  of  the  acetic  series  containing  an  equal  number  of 
carbon  atoms,  and  hydroxylamine. 

4.  The  behaviour  of  the  nitro-alkyls  to  nitrous  acid  is  very  varied. 
The  primary  yield  nitrolic  acids  and  the  secondary  pseudo-nitrols, 
while  the  tertiary  do  not  react  with  it  at  all.     Thus  from  nitro-ethane, 

CH3— C<^55  ,  "ethyl-nitrolic  acid,"  CH8.C^]^q^^,  an  acid  crystal- 

lizing  in  light  yellow  crystals  and  whose  alkaline  salts  are  intensely 
yellow,  is  formed.  Secondary  nitro-propane,  (CH3)2=CH(N02),  gives 
on  the  contrary  "propyl-pseudo-nitrol,"  (CH3)2C=N.O.NOg,  or  perhaps 
(CH3)2C=N.O.N02,  a  white  crystalline,  indifferent,  non-acid  substance, 
which  is  blue  either  when  fused  or  when  in  solution.  These  reactions, 
which,  moreover,  only  go  on  in  the  case  oi  ti\ie\o^et  ift.c\fcQ\j\».x  ^IaqKoIs, 
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|in  thd  primnry  np  to  Cj,  ftQii  in  the  seiMnilary  np  to  C^),  are  gpiieiiilly 
applicable  for  diadnguisliing  between  the  primary,  secondary,  or  tertiary 
Dstare  of  au  alcohol,  (see  p.  78).  The  tiitro-liydrocarbon*,  whiuli  are 
euily  prep&red  from  the  iodides,  are  dlsaolved  in  a  solution  of  pota«h 
(o  which  sodiutn  nitrite  in  addtul,  the  solution  acidified  with  Bulphurio 
Mid  and  aigain  made  alliaJine,  and  then  ohaerved  for  the  production  of 
1  red  colouraljcm,  (primary  alcohol),  e.  blue  colouration,  (aecondary 
kkoliol),  or  no  colouration  at  all,  (tertiary  alcohol). 

I  Appendix. 

Chloropicrin,  CCl^NOj,  a  heavy  liquid  of  excesaively  Buf- 
focating  smell,  B.  Pt.  11 3°,  is  formed  from  many  hydrocarbon 
compounds  by  the  simultaneous  action  of  nitric  acid  and 
oiilorine,  chloride  of  lime,  etc.     It  is  best  obtained  from  picric 

I  idd  and  bleaching  powder. 

I  Di-uitro  derivatives  of  tbe  saturated  liydrocarboDa,  e.g.  Dl-iLitro-ethajie, 
C,H((NO,)a,  whose  potaBaium  salt  is  an  oxploaive  yellow  eryatalliiio 
romponnd  obtained  from  CH,.CHBr(N0j)  +  KN05,  also  exist ;  further, 
mne  tri-nitro  derivatives,  and  even  tetia-nltro-metbaue,  C(N0,)4  (whito 
OTjttals),  which  last  boils  without  decomposition. 

3.  Derivatives  of  Hypo-nitrous  Acid. 

Hypo-nitrons  acid,  UNO  or  K,NaOj,  can  be  transformed  into  an 
cUier  of  the  formula  (CiHg),N^O„  Diazo-ethoxane,  {Zoni),  on  oil  which 
explodes  even  at  40°.  The  uitroao- compound  a  R.NU,  derived  from 
Iraiene,  also  belong  to  this  category,  (see  NitroHo.twnzene,  CjHj.NO). 
AualoguGS  in  the  Fatty  Series  are  unknown. 

4.  Ethers  of  the  Chlorine  Acids 


5.  Ethers  of  Sulphuric  Acid. 

The  neutral  ethers  are  formed — 
[n)  From  fuming  sulphuric  acid  and  alcohol ; 
(i)  From  silver  sulphate  and  alkyl  iodide  ; 
(c)  From  sulphuryl  chloride  and  alcohol : 

SO^a^  -h  3C,H,0H  =  SOs(OCjH^)^  +  2B.CV. 
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The  acid  ethers  or  "  ether  sulphuric  acids  "  of  the  primary 
alcohols  result  directly  from  their  component«.  Secondary 
and  tertiary  alcohols  do  not  yield  them. 

(a)  Ethyl  sulphate,  (Cg  £15)2804,  is  a  colourless  oily  liquid  of 
an  agreeable  peppermint  odour,  insoluble  in  water,  and  solidi- 
fying on  exposure  to  a  strong  cold ;  B.  Pt.  208°.  It  is  quickly 
saponified  (to  ordinary  ether)  upon  warming  with  alcohol, 
also  upon  boiling  with  water,  but  only  slowly  with  cold  water; 
in  the  latter  cases  alcohol  and  sulphuric  acid  are  produced. 

(b)  Ethyl-sulphuric  acid,  CgHg.SO^H,  =  C2H5.O.SO3H, 
{Dabit,  1802),  is  obtained  from  a  mixture  of  alcohol  and 
sulphuric  acid,  as  given  under  Ethyl  ether,  method  1,  but  not 
quantitatively,  on  account  of  the  state  of  equilibrium  that 
ensues,  (see  p.  98).  It  is  also  formed  from  ethylene  and 
sulphuric  acid  at  a  somewhat  higher  temperature.  It  differs 
from  sulphuric  acid  by  its  Ba-,  Ca-,  and  Pb-salts  being  soluble, 
and  it  can  therefore  be  easily  separated  from  the  former  by 
means  of  BaCOg,  etc.  It  yields  salts  which  crystallize  beauti- 
fully, but  which  slowly  decompose  into  sulphate  and  alcohol 
on  boiling  their  concentrated  aqueous  solution,  especially  in 
presence  of  excess  of  alkali.  They  are  often  used  instead  of 
ethyl  iodide  in  the  preparation  of  other  ethyl  compounds  by 
double  decomposition. 

The  free  acid  is  prepared  by  adding  the  exact  quantity  of 

sulphuric  acid  required  to  the  barium  salt.     It  is  a  colourless 

oily  liquid  which  does  not  adhere  to  glass,  and  which  slowly 

decomposes  into  alcohol  and  sulphuric  acid,  ie.  is  saponified, 

on  evaporating  or  preserving  its  solution,  and  quickly  upon 

boiling  it. 

The  methyl-,  amyl-,  etc.  compounds  are  analogous ;  the  former  is  also  a 
syrup  which  does  not  adhere  to  glass. 

6.  Derivatives  of  Sulphurous  Acid. 

tt.  Ethers  of  Sulphurous  Add, 

(a)  Ethyl  sulphite,  S03(C2H6)2,  is  an  ethereal  liquid  of  peppermint 
odour,  which  can  be  prepared  from  alcohol  and  SOj,Cla  or  S2CI2,  and 
which  ia  rapidly  saponiBed  by  water. 
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lb)  Etbjrl-nilpburoae  add,  SO,.  B(C,Hg).  The  very  UDsUble  poto^luin 
nit  of  this  acid  is  obtained  by  the  puiiiiil  aaponiticatioii  of  atliyl  Bulpliite 
li;  potaih  eolation— 

SO^OHa),  +  KOH  =  SO,K(CjHb)  +  CJf.OH. 

The  free  acid  ia  incapable  of  eiistenue,  ilecomposing  iiii mediately  into 
iti  eoraponents. 

Anikloginis  ethers  of  other  sJcohols  are  known. 

/J.  Svlpho-  or  Sulpkmiic  Acids  and  their  Ethers. 

(a)  Etbyl-aulphonie  Acid,  CgH,.SOjH,  {iMmg,  1839; 
S.  Knpp,  1840),  is  Q  strong  monobasic  acid,  very  easily  Bolubb 
in  water  and  hygroscopic,  and  sharply  distinguished  from 
Mhyi-salphurous  acid  by  its  stability,  not  being  saponified  upon 
boiling  its  aqueous  solution  either  with  alkalies  or  acids. 
Boiling  concentrated  nitric  acid  and  free  chlorine  do  not  act 
^n  it,  and  it.  requires  fused  potash  to  etfuet  its  decomposition. 
It  hns  a.  strongly  acid  and  disagreeable  after-taste.  It  yii;ld3 
ttyatallizable  salta,  e.g.  CjHj.SO^K  +  HgO,  (hygroscopic), 
<yii.SOgNa,  (OjHs.SoJaBa  +  H^O,  etc. 

Modes  of  formatvm.  1.  From  alkyl  iodide  and  aodiura 
Kunmonium  sulphite : 

CaH,.I  +  NaaSOg   =  CaH^-SOaNa  +  NaL 
8.  By  the  oxidation  of  mercaptans  by  HNO„ : 
C5H5.SH  +  30  =   CiH^-SO^H. 
Ihe  Bulphonic    acids   yield   chlorides   with   PCl^,  e.g.  etliyl- 
■Iphonic   acid    gives    ethyi-snlphonic    chloride,    CjHjSO,Cl, 
lliqnid  which  boils  without  decomposition  at  177°,  fumes  in 
le  air,  and  ia  reconverted  by  water  into  ethyl-sulphonic  and 
l^rochloric  acids.     Nascent  hydrogen  reduces  it  to  mei-cai>tiin. 
With  zinc  dost  it  yields  the  zinc  salt  of  a  peculiar,  Byrupy,  easily 
ihible  acid,  via. — 

Ethyl-tnlpUnlc  arid,  C^g.SO^H,  which  is  likewiBe  convertoii  iiitJ> 
ffcjptaii  upou  further  reiluction.  Its  sodiuni  aalt  yitlda  ctliyl 
Ijiliane  when  treated  with  ethyl  bromMe,  CjHgBr.  It  also  forms  an 
iltiihle  etbei%  isomeric  with  this  latter  compiiund,  (nee  p.  06). 
Hethyl^sulphonic  aoid,  CHa.SUgH,  was  yrepa-ieA  \i^ 
&K-    in     lS4a    from     tr)i;/»ioro-methyl-sulphotuc     c,\i\«t'i4.e, 
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CCI3.SO2CI,  (produced  from  CSg,  CI,  and  HgO).  It  is  a  syrupy 
liquid. 

Ethyl-sulphonic  ethyl  ether,  C2H5.S03.C2H^,  is  isomeric 
with  ethyl  sulphite,  and,  being  an  ether  of  the  more  stable 
ethyl-sulphonic  acid,  is  only  partially  saponifiable.  It  is  pre- 
pared from  silver  sulphite  and  ethyl  iodide.  B.  Pt.  213°. 
The  sulphonic  ethers  have  considerably  higher  boiling  points 
than  the  isomeric  sulphurous  ethers. 

Constitution.  From  the  formation  of  the  sulphonic  acids 
from  mercaptans  by  oxidation,  and  the  (indirect)  reversibility 
of  this  reaction,  it  follows  that  the  sulphur  in  them  is  directly 
bound  to  the  alcohol  radicle ;  if,  then,  sulphur  is  regarded  as 
hexavalent,  ethyl  sulphonic  acid  has  the  constitution 

C^Hs.SOaH,   =   ^^»>S<g. 

From  this  we  arrive  at  the  constitution  of  sodium  sulphite  as  being 
Na — (SOgNa),  of  the  hypothetical  sulphurous  acid  as  H — (SOsH),  and 
of  sulphuric  acid  as  H — 0 — (SOsH). 

The  real  easily  saponifiable  sulphurous  ethers  therefore 
manifestly  contain  the  sulphur  not  bound  directly  to  the 
carbon  but  through  oxygen,  so  that  for  them  the  following 
formulae  hold :  ethyl-sulphurous  acid,  CgHg.O.SOgH,  and 
ethyl-sulphurous  acid  ether,  CgHgO.SO.O.CgHg,  or 
SO(OC2H5)2. 

Related  to  methyl-sulphonic  acid  are  :  Metliane-di-sulplionlc  acid, 
CH2(S03H)2,  a  crystalline  body,  Methane-tri-stQplionlc  acid, 
CH(S03H)3,  also  crystalline,  Ethylene-  and  Ethidene-di-sulphonlc  adds, 
C2H4(S03H)2,  Propane-tsri-BUlphonic  add,  C3H5(S08H)3,  etc. ;  these  may 
also  be  regarded  as  sulphurous  acid  derivatives  of  polyatomic  alcohols. 

7.  Ethers  of  Tri-  and  Polybasic  Acids. 

Ethers  of  phosphoric  acid :  P0(0R)3,  P0(0R)2(0H),  and 
P0(0R)(0H)2,  (Il='alkyl),  exist,  as  do  also  similar  compounds 
of  phosphorous  and  hypophosphorous  acids.  The  phosphinic 
acids,  etc.,  are  related  to  the  two  last-mentioned  classes.  (See 
phosphines.) 
Ethers  of  boraxiic  and  silicic  acids  axe^  ^o  kwoYm. 


8.  Alcoholic  Derivatives  of  Hydrocyanic  Acid. 
(Nitrilea  and  Iso-nitrilcB. ) 

Hydrocyanic  acid,  HCN,  yields  two  classes  of  devivativea 
by  the  exchange  of  its  hydrogen  atom  for  alcohol  railiclea, 
neither  of  which  can  be  grouped  among  the  ethers,  atnce 
ihey  do  not  go  bact  into  alcohol  and  hydrocyanic  aciil  on 
saponification,  but  decompose  in  another  direction. 
a.  Cyanides  of  the  Alcohol  Radicles  (Nitrilea). 

These  are  either  colourless  liquids,  volatile  witliout  decom- 
position, or  solids,  of  a  not  unpleasant  ethereal  odour  slightly 
teaembling  that  of  leeka,  lighter  than  water,  and  relatively 
filahle.  •  The  lower  members  are  niiscible  with  water,  but  the 
higher  ones  insoluble  in  it.  They  hoil  at  about  the  same 
lemperatures  as  the  corresponding  alcohols. 

Fimiuitvm,.  1.  By  heating  alkyl  iodide  with  poLaasium 
!7aiude,  or  potassium  ethyl-sulphate  with  potassium  ferro- 
cyanide ; 

CH3I  +  KCN  -   KI  +  CH,.CN 

Methyl  cyLuiide. 
2.  By  distillation  of  the  ammonium  salts  of  monobasic  acids 
which  contain  one  atom  of  carbon  more  than  tbe  alcohol 
which  would  be  used  in  method  1,  and  treatment  of  the 
amides  whieh  are  at  first  produced  with  separation  of  water, 
with  a  dehydrating  agent  such  as  P^Oj,  {Hofmann),  PCI5  or 
P2S5,{see  imide  chloridea  and  thiamides);  also  by  treating  the 
animnniam  salts  of  the  acids  directly  with  P^Oj : 

a.    CH3.COOH  +  NHg   =   H,0  +  CH,.C0.NH2 

Acptamide. 

i.     CHj^CO.NHj  -  HgO   =   CH3.CN. 

Aa  a  consequence  of  this  mode  of  formation  these  com- 
pounds are  also  termed  nitriles  of  the  monobasic  acids,  e.g. 
CHj.CN,  methyl  cyanide  or  Aceto-Nitrile;  C3H5.CN,  propio- 
nitrile,  etc. 

3,  The  higher  nitrilea,  in  which  C>5,  resnVt  &oto  U\ft 
taides  of  acids  of  the  acetic  series  containing  one  atom  ol 
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carbon  more  in  the  molecule,  and  also  from  the  primai 
amines  witli  the  same  number  of  carbon  atoms,  upon  trea 
ment  with  bromine  and  caustic  soda  solution,  (Rofmunn 
See  amides. 

Behaviour.  1.  These  compounds  are  very  active  chemicall; 
When  heated  with  acids  or  alkalies  or  superheated  with  wate 
they  break  up  into  the  acids  from  which  they  were  originall 
prepared  and  ammonia ;  amides  may  be  formed  here  as  inte: 
mediate  products : 

CH3.CN  +  2H,0   =   CH3.COOH  +  NH3. 

This  is  a  reaction  of  great  moment,  because  it  leads  froi 
the  alcohols  CnHgn+i.OH  to  the  acids  of  the  acetic  seriei 
CnHjjn+i.COOH,  richer  than  those  alcohols  by  one  atom  ( 
carbon.  (Dumas^  Malaguti,  Le  Blanc,  and  also  FranUand  an 
Kolhe,  1847.) 

2.  Just  as  acetamide  is  formed  by  the  taking  up  of  water,  so  is  thi( 
acetamide  by  the  takmg  up  of  sulphuretted  hydrogen. 

3.  By  the  addition  of  halogen  hydride,  amido-chlorides  or  imidc 
chlorides  result ;  by  the  addition  of  ammonia  bases,  amidinef 
Halogens  also  form  easily  decomposable  addition-products,  (see  aci' 
derivatives). 

4.  Combination  with  hydrogen  leads  to  amines,  (p.  113)  : 

CH3.CN  +  2H2   -   CH3.CH2.NH2. 

Ethylamine. 

5.  Metallic  potassium  or  sodium  frequently  induces  polymerization 
thus  methyl  cyanide  yields  in  this  way  cyanmethine,  a  mono-acid  bas 
crystallizing  in  prisms. 

For  Constitution,  see  Iso-nitriles. 

Aceto-nitrile,  CH3.CN,  is  present  in  the  products  of  distil 
lation  from  the  vinasse  of  sugar  beet  and  in  coal  tar.  B.  Pt 
82° ;  combustible,  and  miscible  with  water. 

Propio-nltrlle,  CaHg.CN,  Butyro-nltrile,  C3H7.CN,  and  Valero 
nitrile,  C4Hg.CN,  are  liquids  of  agreeable  bitter  almond  oil  odour 
Falmito-nitrile,  CigHjj.CN,  is  like  parafl&n. 

Cyanogen  compounds  of  unsaturated  alcohol  radicles  also  exist,  e..^ 
AUyl  Cyanide,  C3H5.CN,  (see  crotonic  acid). 

Fulminate  of  Mercury,  probably  CHg(N02).CN,  is  to  b< 

regarded   as  a  salt  of  the  non-existent  Nitro-aceto-nitrile 

CH2(N02).CN,  whose  H-atom  liaa  \>eeTi  x^ii^et^^  ^^Vbj  xe 


piaceable  by  metals  through  the  acidifying  influence  of  the 
SOj-  and  CN-groups.  It  ie  obtained  by  wuiming  akohul 
with  nitric  acid  and  mercuric  nitrate,  and  forma  eilky  glancing 
prismB  which  explode  with  the  utmost  violence  upon  being 
Leatad  or  struck.  The  analogous  fiilrainate  of  silver  is  even 
more  explosive.  Concentrated  HCl  docompoBcs  them  into 
COj  and  HCl-hydroxylamine. 

p.  lao-cyanidea  (Iso-nitriles  or  Carbamines). 

Colourless  liquids  easily  soluble  in  alcohol  and  ether,  but 
only  slightly  soluble  or  iuBoluble  in  water,  of  weak  alkaline 
reaction,  unbearable  odour,  and  poisonous  properties,  and 
boiling  somewhat  lower  than  the  nitriles. 

Formation.  1.  By  heating  the  iodides  of  the  alcohol 
radicles  with  aUver  cyanide  instead  of  potassium  cyanide, 
(ffau/ier),  a  double  compound  with  cyanide  of  aOver  being  first 
foniied: 

CNAg  +  CjHJ  =  Agl  +  C^HsNO. 

Ethjl  iao-cyanide. 

2,  In  small  qonntity,  along  with  the  nitriles,  when  potaaoiiim  nlkyl- 
sulphste  ia  dlBtilldd  with  potoBsinm  cyanide. 

3.  By  the  action  of  chloroform  and  alcoholic  potash  upon 
primary  amines,  (Hofmaim,  1869) : 

CH3.NH2  +  CHOl^  +  3K0H   =   CH3.NO  +  3KC1  +  SH^O. 

Bihavu'itr.  1.  The  iao-nitriles  differ  fundamentally  from  the 
nitriles  by  their  behaviour  with  water  or  dilute  acids.  When 
strongly  heated  with  water,  or  with  acids  in  the  cold,  they 
aplit  np  into  formic  acid  and  amine  bases  containing  one  atom 
of  carbon  less  than  themselves,  from  which  latter  compounds 
Uiey  can  be  prepared  : 

CH3.NC  +  2H2O   =   CHj.NHa  +  HCOjH. 

Unlike  the  nitriles,  they  are  very  stable  towards  alkalies. 

2.  The  iao-nitcilea  are  slso  capable  of  forming  addition  products  with 
hjdraohlorie  and  hydiiMulphuric  acids,  etc.,  compoundB  dilferent  from 
UwM  given  by  the  nitriles  [  thus,  with  HCl  thoy  yield  cryataUine  salts 
■llioli  are  violently  deeompoBed  by  water  into  amine  and  formic  aoid. 

3.  Some  of  the  iso-nitrileB  ciange  into  the  isomeric  mXriW 
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Methyl  iso-cyanide,  CHg.NC.    B.  Pt.  58*. 
Ethyl  Iso-cyanide,  C2H5.NC.    B.  Pt.  82^ 

Constitution  of  the  Nitrites  and  Iso-nitrUes.  The  constitu- 
tion of  the  nitriles  follows  from  their  close  relation  to  the  acids. 
The  carbon  atom  of  the  cyanogen  group  — CN  remains 
attached  to  the  alcohol  radicle  after  the  action  of  saponifying 
agents,  and  is  therefore  directly  bound  to  the  carbon  atom  of 
the  latter.  The  nitrogen  on  the  other  hand  is  split  oflf,  and  is 
thus  not  directly  bound  to  the  alcohol  radicle.  Consequently 
aceto-nitrile  has  the  constitution  :  CH3 — C=N. 

In  the  case  of  the  iso-nitriles,  however,  it  is  the  nitrogen 
which  must  be  directly  bound  to  the  alcohol  radicle,  as  their 
close  connection  with  the  amine  bases  shows,  the  amines  being 
easily  prepared  from  and  reconverted  into  the  iso-nitriles. 
The  carbon  atom  of  the  cyanogen  group,  on  the  contrary,  is 
split  off  on  decomposition  by  acid,  and  is  consequently  not 
bound  directly  to  the  alcohol  radicle  but  only  through  the 
nitrogen.  The  constitutional  formula  of  the  iso-nitriles  there- 
fore is  E — NO,  probably  E — N=C,  e.g.  methyl  carbamine, 
CH3— N=C,  etc. 

The  difference  between  the  two  kinds  of  compounds  is  sufficiently 
emphasized  as  a  rule  by  writing  them  CH3.CN  and  CH3.NC. 

D.  Nitrogen  Bases  of  the  Alcohol  Radicles. 

By  the  introduction  of  alcohol  radicles  in  place  of  hydrogen 
into  ammonia  or  its  salts,  the  important  class  of  ammonia 
bases  or  amines  and  ammonium  bases  of  the  alcohol  radicles 
is  produced. 

The  amines  containing  the  lower  alcohol  radicles  bear  the 
closest  resemblance  to  ammonia,  being  even  more  strongly 
basic  than  the  latter.  They  have  an  ammoniacal  odour,  give 
rise  to  white  clouds  with  volatile  acids,  combine  with  hydro- 
chloric acid,  etc.  to  salts  with  evolution  of  heat,  and  jrield 
double  salts  with  platinic  and  gold  chlorides.  They  further 
precipitate  many  metallic  salts,  the  precipitates  being  fre- 
quently  soluble  in  excess. 
The  lowest  members  of  this  class  ai©  CiOxafeivxaXMa  ^5s»^^ 
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wiuUly  aoluMe  in  water.  The  next  are  liquids  of  low  boiling 
point,  also  at  first  easily  soluble,  but  the  solubility  iu  water 
Jiminishea  with  increasing  carbon  (more  quickly  in  the 
nrtrilfl-  than  in  tho  amido-baaes),  and  also  the  volatility, 
until  the  highest  members  of  the  scrieB,  such  as  tricetylamine, 
(C^Hjj);^,  are  at  the  ordinary  temperature  solid  odourless 
iiibstances  of  high  boiling  point,  inaolublQ  in  water  but  soluble 
in  alcohol  and  ether,  readily  combining  however  with  acids 
to  salts,  like  the  othera. 

All  amine  bases  are  considerably  lighter  than  water. 

The  ammonium  bases  are  solid  and  very  hygroscopic,  and 
Eiceedingly  like  potash  in  properties. 

Clamfication.  The  nitrogen  bases  of  the  alcohol  r.adicles 
we  divided  into  primary,  secondary,  tertiary,  and  quaternary 
bisea,  according  as  they  contain  one,  two,  thmc,  or  four 
slcohol  radicles ;  the  three  first  are  derived  from  ammonia, 
Slid  the  last  from  the   hypothetical   ammonium   hydroxide, 

m^.ou. 


Amioaa  or  Ammonia  Baaes. 

Ammonium  Bbsbb, 

Amido-haaes. 

Secondary  or 
Imido-ba^eB. 

Tertiary  or 
Nitrilo-bMBS. 

Quaternary 
BascB. 

NH,(CH.) 

MsllijlamiDe 

(Gaa.) 

fclhyUnuno 

la  Pt.  19"). 

ttc 

NH(CH,), 
Di-methyli^t^ine 
(B.  Pt.  S°). 
NH(C,H,), 
Di-ethylamine 
(R  Pt  57°). 
eto. 

NfCHA 

Tri-niethylamiue 

(B.  Pt.  ff-). 

N(CjHb), 

Tri-ethykmine 

(R  Pt.  89"). 

BtO. 

H(CH,),I 

TDtra.mothyl- 

ammonium  iodide. 

Tutr-cthyl-am- 

mooium-hydrojiiJe. 

etc. 

Oeaarence.  Some  individuals  of  this  series  occur  in  nature, 
ftj.  loethylamine  and  tri-methylamine. 

Modes  of  format'um.  1.  Methylamine,  ethylamine,  et<:.,  are 
obtained  by  treating  methyl  or  ethyl  etc  cyanate  with  potash 
solution,  (WuTts,  1848): 

.    CO.N|C,H,>  +  3K0II  =   C,H,.NHj  +  K^COa. 
IMtaet/iodof/brniution  yields  only  primary  baaea. 
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1*.  The  iso-thiocyanic  ethers  or  mustard  oils  (see  thes-* 
also  yield  those  bases  upon  heating  with  concentrated  acids. 

2.  By  the  direct  introduction  of  the  alcohol  radicle  int 
ammonia  by  heating  a  concentrated  solution  of  the  latter  wit^ 
methyl  iodide,  chloride,  or  also  nitrate,  ethyl  iodide,  etc.  I : 
this  reaction  an  atom  of  hydrogen  is  first  exchanged  for  ai 
alcoholic  radicle,  and  then  the  base  produced  combines  witl 
the  halogen  hydride,  formed  at  the  same  time,  to  a  salt 
thus : 

(I.)  NHgH  +  CH3I  =  NH2.CH3,  HI. 

From   the   methylamine   hydriodide   thus   produced,   fre< 
methylamine  can  easily  be  got  by  distilling  with  potash  : 
NH2(CH3),  HI  +  KOH  =  NH2(CH3)  +  KI  +  HgO. 
The  methylamine  can  now  combine  fiirther  with  methy] 
iodide  to  hydriodide  of  di-methylamine : 

(11.)        NH2(CH3)  +  CH3I  =  NH(CH3)2HI, 
which,  in  its  turn,  yields  the  free  base  with  potash.     Thk 
latter  can  again  combine  with  methyl  iodide : 

(III.)        NH(CH3)2  +  CH3I  =  N(CH3)3HI, 
the   salt   so    produced    yielding    tri-methylamine    as    before. 
Finally  the  tri-methylamine  can  once  more  take  up  methyl 
iodide : 

(IV.)  N(CH3)3  +  CH3l  =  N(CH3),L 

The  compound  obtained,  tetra-methyl-ammonium  iodide,  is 
however  no  longer  a  salt  of  an  amine  base  but  of  an 
ammonium  one,  and  is  not  decomposed  on  distillation  with 
potash  solution. 

By  using  various  dissimilar  alkyl  iodides  instead  of  methyl  iodide 
alone,   bases  are  got  containing   different   alcohol   radicles   together, 
i.e.,  "mixed"  amines,  etc.,  e.g.y  methyl-propylamine,  NH(CH3)(C3H7) 
methyl-ethyl-propylamine,  N(CH3)(C2H6)(C8H7). 

The  reactions  I.  to  IV.,  given  above,  do  'not  in  reality  follow  each 
other  in  perfect  order  but  go  on  simultaneously,  the  bases  being  partly 
liberated  from  the  hydriodates  by  the  ammonia,  and  so  being  free  to 
react  with  new  halogen  alkyl.  The  product  obtained  by  distillation 
with  potash  is  therefore  a  mixture  of  all  the  three  amine  bases. 

These  cannot  be  separated  by  fractional  distillation,  and  so  their 

different  behaviour  with  oxalic  ether,  C^O^^OC^H^)^,  is  made  use  of  for 

the  purpose,     Methylamine  reacts  wit\i  tkua  e\i\iet  \«  iona.  Oqajs^*^^  vVN 
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S-mutfayl-Dxamlde,  CjOgtNH.CHj),,  (soUd),  and  (2)  aoms  methyl- 
■3  ether,  (^OjfOCjHjllNH.CHj),  (liquid);  di-methylnuiine  yield* 
!|S)  the  ethyl  ether  of  di-methjl  Mamie  acid,  0,05{0CjH,)N(CH,}j, 
(liqnitl),  while  tri-niBtliy lamina  does  cot  raact  with  oxalic  ether.  Dpon 
wanuiiig  tlie  prodaot  of  the  reactJOD  on  the  WELterbath,  the  latter 
bue  diatllB  over,  and  the  remaining  coinpnundg  can  then  be  Beparated 
by  special  methods,  (for  which  see  B.  a,  776  ;  D,  7<>0),  aud  individually 

decomposed  by  potaah.  (1)  and  (2)  yielding  methylamine,  and  (3)  di- 

metbylamine. 

3.  The  nitro-compounds  yield  primary  amido-compounda  oa 
redactioa  (see  p.  100),  thus  ; 

CH3.N0a  +  3H3   =   OH3.NH5  +  2H,0. 
i.  The  nitriles,  mcludiDg  hydrocyanic  acid,  are  capable  of 
taking  up  four  atoms  of  hydrogen  (see  p.  108),  and  fortubg 
primary  amines,  {Mendius,  1862)  : 

CH3.CN  +  2H3  =  CHj.CHyNHj  =  C2H5.NH3. 

Ethylamine. 
H.CN  +  SHg  =   CH3.NHJ. 

Metbylamiiie. 
4*.  The  iao-nitrilea  are  decomposed  by  hydrochloriu  acid,  with  forma- 
lioo  of  the  primary  amine  bases  from  which  they  are  also  obtained 
(p.  109). 

5.  Primary  amines,  in  which  C>6,  are  prepared  according 
to  ffofmann's  method,  by  the  action  of  bromine  and  caustic 
Boda  solution  upon  the  amides  of  acids  containing  one  carbon 
Horn  more  than  themselves  (see  amides). 

6,  Primary  aminea  likewise  resnlt  from  the  reduction  of  the  oximen 
w  hydrazones,  (see  pp.  134,  142,  and  373). 

Isomers.  Numerous  isomers  exist  among  the  amine  bases, 
as  the  following  table  shows  : 


CjHjN. 


CaH^N. 


CjH|,N, 


N(CH,)3 


NH,(C^H„) 

NH(CH5)(C.iH,)  and  NH(CaH,), 

N(CHj)„(CaHj) 


This  kind  of  isoinerism  is  tlie  same  ns  that  of  the  ethers  (p.  9:i),  i.e., 
BetamBrism.  From  (OjH,)  onwardii,  iaiimBriHrn  can  also  occur  in  thn 
tluiJiol  railiclBB.  According  to  theory,  aa  many  amitieH  Ci,  aa  a.YwAvo\a 
Cgfrs/v  capable  0/  oxistenee. 
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Behaviour,  1.  For  general  behaviour,  see  above.  When 
combined  with  acids  to  salts,  the  amines  behave  exactly  like 
ammonia,  and  the  ammonium  bases  like  potash : 

CH3.NH2  +  HCl   =  CH3.NH2,  HCl   =   (CH3)NH3C1. 
[N(CH3)J0H  +  HCl  =   [N(CH3)JC1  +  HgO. 
The  salts   so   obtained  are  white,   crystalline,   frequently 
hygroscopic  compounds,  easily  soluble  in  water.     The  chlorides 
form,  with  platinic   chloride,   crystalline  double  compounds 
whose  composition  is  analogous  to  that  of  ammonio-platinic 
chloride,  2NH4CI,  PtCl^ ;  e.g,,  hydrochlorate  of  methylamine- 
platinic  chloride,  2(NH2[CH3]HC1),  PtCl^. 
The  same  applies  to  the  gold  double  salts,  e.^., 

NH2(C2H5)HC1,  AuClg. 

2.  Saponifying  agents  such  as  alkalies  and  acids  do  not 
affect  the  nitrogen  bases  of  the  alcohol  radicles,  and  oxidizing 
agents  only  with  difficulty.     (See  B.  8,  1237.) 

3.  The  different  classes  of  amine  bases  are  distinguished 
from  each  other  by  the  primary  having  two  hydrogen  atoms, 
the  secondary  one,  but  the  tertiary  none  replaceable  by  alcohol 
radicles;  the  same  applies  to  substitution  by  acid  radicles. 
The  products  thus  resulting  from  isomeric  amines  are  dis- 
tinguished from  one  another  by  analysis.  Thus  propylamine 
gives  with  methyl  iodide  the  base  C3H.^N(CH3)2,  =  C^HjjN  • 
the  isomeric  methyl-ethylamine  the  base  (CH3)(C2H5)N(CH3), 
=  C^HgN;  while  tri-methylamine,  (CH3)gN,  =  C3H9N,  likewise 

isomeric,  remains  unaltered. 

The  primary  bases  further  differ  from  the  others  in  their 
behaviour  with  chloroform,  carbon  bisulphide  and  nitrous  acid. 

4.  Only  the  primary  bases  react  with  chloroform  and  alco- 
holic potash,  with  formation  of  iso-nitriles  (p.  109). 

5.  When  wanned  with  carbon  bisulphide  in  alcoholic  solution,  the 
primary  and  secondary,  but  not  the  tertiary  bases,  react  to  form 
derivatives  of  thio-carbamic  acids.  (See  carbonic  acid  derivatives.) 
Should  the  amines  be  primary  ones,  the  characteristically  smelling  iso- 
thio-cyanates  are  produced  upon  heating  the  thio-carbamic  derivatives 
with  a  solution  of  HgCl2,  ("  Senfol "  reaction). 

6.  Nitrous  acids  act  upon  the  primary  bases  to  reproduce 
tAe  alcohols,  e,g, : 
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CHj,.NHj  +  H.O.NO  -  CH3.0H  +  Nj  +  H,0. 

■Seoonilary  bases,  on  the  other  hand,  yield  witli  nitroua  acid 
nitroso-compouEdfi,  e.g.  "  dimethyl-nitrosamiue" ; 

(CH3),NH  +  N0.0H  =  (CH,)jN.NO  +  HjO. 

I  These  nitroso-compoiinda  are  yellow-coloured  liquidB  of 
ufomatic  odour,  which  boil  without  decompoaition,  (Oeutker.) 
They  regenerate  the  secondary  bases  uijon  treatment  with 
(strong  reducing  agents,  and  also  upon  wanning  with  alcohol 
and  hydrochloric  acid.  Weak  reducing  agents  however  con- 
vert them  into  hydrazines  (p.  118). 
I  The  DJtroBiunines  are  frequently  of  grtat  service  iu  the  pnrifioation  of 
e  ucondary  bases. 

Nitrous  acid  has  no  action  upon  tertiary  amines. 
7.  While  the  amine  bases  are  liberated  from  their  salts  by 
tiknlies,  the  free  buses  of  the  quaternary  salts,  e.g.  tetra- 
methyl- ammonium  iodide,  cannot  be  prepared  from  these  by 
Ireatment  with  potash,  because  thoy  are  as  strongly  basic  as 
latter,  if  not  even  more  so.  The  salts  however  behave 
hydriodates,  for  instance  towards  AgNOg,  and  their  baaea, 
tj.  N(CHj)40H,  can  be  separated  by  acting  upon  them  with 
noist  silver  oxide.  They  are  extraordinarily  like  caustic 
^tash.  They  cannot  be  distilled  without  decomposition,  but 
inak  up  on  distillation  with  reproduction  of  the  teitiary  base, 
&e  tetra-methy]  base  yielding  in  addition  methyl  alcohol,  and 
Ihe  homologous  bases  oletiue  and  water,  thus  ; 

N{CH,VOH  =  N(CH3)3  +CH,.OH. 
N(C^,),.OH  =  N(C3H,)3  +  C2H,  +  H,0. 
They  txe  o£  great  interest  for  the  qaestion  of  tlio  valency  of  nitrogen, 
Ice  they  are  mora  difficult  to  explain  on  the  asaumptian  of  its  lielug 
[latent  tlum  pentavalent.  (Cf.  trimctbyl-stilphine  hydroxide.)  The 
Jt  that  the  Btilta  NtCHjyC.^H,)  +  C,H,a,  and  N(CH,)(C!.Hj),  +  CH3CI 
identical,  apeakg  in  favour  of  the  nitrogen  in  them  beingpentavalent. 

The  quaternary  iodides  go  back  into  tertiary  base  and 
!\  iodide  upon  heating.     They  combine  with  two  or  four 
ns  of  bromine  or  ioiline  to   tii-  and   penta-bTom\4iiB  ot 
Ay.  N(CH^^LI^    (dark    needles),    and  IS  1,05^^-1  ^.\ 
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(azure-blue  needles).     These  latter  must  be  looked  upon  as 
addition-compounds,  since  they  readily  lose  their  additional 
halogen  again, 
fiepta-  and  Ennea-iodides  also  exist. 


Methylamine,  CHgNHg.  Occurs  in  Mercuiialis  perennis 
and  annua  ("  mercurialin  "),  in  the  distillate  from  bones  and 
wood,  and  in  herring  brine.  It  is  produced  in  many  decom- 
positions of  organic  compounds,  e.g.  from  alkaloids,  as  when 
caffeine  is  boiled  with  hydrate  of  baryta;  also  by  heating 
hydrochlorate  of  tri-methylamine  to  285*. 

It  is  most  easily  prepared  from  acetamide,  caustic  soda,  and 
bromine.  (B.  18,  2737.)  It  is  more  strongly  basic  and  even 
more  soluble  in  water  than  ammonia,  has  a  powerful  am- 
moniacal  and  at  the  same  time  fish-like  odour,  and  bums  with 
a  yellowish  flame.  Its  aqueous  solution,  like  that  of  ammonia, 
precipitates  many  metallic  salts,  frequently  redissolving  the 
precipitated  hydroxides ;  it  also  redissolves  silver  chloride. 

\  I  Ujil&e  ammonia,  it  does  not  dissolve  Ni(OH)j  and  Co(OH)2. 

I  blU  ^i^  -^^e  hvdrocl i1niin4if  "^HofCHo).  HCl,  forms  large  glittering  plates,  and 
'  is  very  hygroscopic  and  easily  soluble  in  alcohol,  the  platinum  salt 

crystallizes  in  golden  scales  or  hexagonal  tables,  the  sulphate  forms 
an  alum  with  Alj(S04)3  +  24HaO,  and  a  carbonate  also  exists. 

Di-methylamine,  (CH3)2NH.  Occurs  in  Peruvian  guano 
and  pyroligneous  acid,  and  is  formed  e,g,  by  decomposing 
nitroso-dimethyl-aniline  by  caustic  soda  solution. 

Tri-methylamine,  (CH3)3N.  Is  pretty  widely  distributed  in 
nature,  being  found  in  considerable  quantity  in  Chenopodium 
vulvaria,  also  in  Arnica  montana,  in  the  blossom  of  Crataegus 
oxyacantha  and  of  pear,  and  in  herring  brine.     {Wertheim,) 

It  is  obtained  as  a  decomposition  product  from  complicated 
organic  compounds  containing  nitrogen,  e,g,  from  the  betaine 
of  beetroot,  and  therefore  along  with  ammonia,  di-methylamine, 
etc.,  methyl  alcohol  and  aceto-nitrile  by  the  distillation  of 
vinasse.  It  possesses  an  ammoniacal  and  pungent  fish-like 
odour.  Is  used  as  bicarbonate  in  the  preparation  of  potash, 
and  combines  with  carbon  bisulphide. 


I 


HYDRAZINICS. 

Tetra-methyl-ammoiiium  iodide,  NfCHg)J,  is  oltoined  in 
large  quantity  direetty  from  NH^  +  CH3I.  It  crystal li/oa  in 
while  needles  or  large  jjrisnis,  and  has  a  bitter  taste. 

Tetra-tnethyl-ammoninm  hydroxide,  N(CH3)40H.  Fine 
iygroscopic  needles.  It  forma  a  number  of  salts,  among  others 
1  platinum  donble  salt,  sulphide,  polysulphide,  cyanide,  etc.; 
many  of  these  are  poisonous. 

Ethylamina,  C^HgNHj.  For  its  preparation  by  Uofmann's 
method,  the  crude  ethyl  chloride  which  is  obtained  as  a  bye- 
product  in  the  manufacture  of  chloral  may  be  used.  It  has  a 
strongly  ammoniacal  amell  and  biting  taate,  mixes  with  water 
in  every  proportion  with  evolution  of  heat,  and  burns  with  a 
■jrilow  flame.  It  dissolves  Ala(OH)fl  but  not  Fe^(OH)u,  also 
ifti[0H)2  with  difficulty,  but  not  Cd(OH)g. 

Emyl-nltTogen  chloride,  C,H{.NCL,,  is  a,  yellow  oil  of  a  mnet  nn- 
[jfcssuit  piercing  (Kjour,  ohtained  from  the  nbove  cciinpoiijid  with 
iloride  of  lime. 

Di-ethylamine,  (C5Hb)jNH,  does  not  dissolve  ZD(0n)2. 

Ttiethylamine,  (CaHjjgN",  is  an  oily  sti'ongly  alkaline  liquid, 
only  slightly  soluble  iu  water.  The  precipitates  which  it  gives 
with  solutions  of  metallic  salts  are  mostly  insoluble  in  excess 
of  the  precipitant. 

(C^,)NH,.     EoaUy  decomposable. 


Appendix:  Hydrazines. 

As  hydrazines  are  designated  by  E.  Fis<:ker  (A.  190,  67; 
199,  281,  294)  a  series  of  peculiar  bases,  mostly  liquid  and 
closely  resembling  the  amines,  but  containing  two  atoms  of 
nitrogen  in  the  molecule,  and  differing  from  the  latter  especially 
by  their  capability  of  reducing  an  alkaline  solution  of  cupric 
oxide,  (Fektmifs  solution),  for  the  moat  part  even  in  the  cold. 
They  are  derived  from  "  Diamide "  or  "  Hydrazine," 
KHj — NHj,  a  compound  of  which  but  little  is  yet  known, 
(Cvrtiits,  B.  80,  1633).  We  distingiush  between  primary 
hydrazines,  E— NH — NH^,  and  secondary,  B,j='S^S'B^ 
teeardiug  aa  oae  or  both  of  the  hydrogen  atoma  NiVntV  a,W 
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attached  to  an   atom  of  nitrogen   are  replaced  by  alcohol 
radicles  (R). 

Ethyl-hydrazine,  CgHg^NH— NHg.  When  di-ethyl  urea 
is  treated  with  nitrous  acid,  a  nitroso-compound  is  formed, 
which  is  changed  by  reduction  with  zinc  dust  and  acetic  acid 
into  the  so-called  "  di-ethyl-semi-carbazida"  This  last  decom- 
poses upon  being  heated  with  hydrochloric  acid  into  carbonic 
acid,  ethylamine,  and  ethyl-hydrazine  : 

p,/-.^/NH — C0H5  p^^^NH — CoHr        p,^^NH — CoHe 
GO<NH^  H    CO<N(NO)-C?A  ^^<N(NH,/-bA 

^ ^^  ^ * ^ V * 

Di-ethyl  urea.  Nitroso  compound.  Di-ethyl-semi- 

carbazide. 

CO(NHCaH5)(N[NH2]C2H5)fH20  =  C02+NH2C2H5  +  NH(NHa).CjH5. 

Ethyl-hydrazine  is  a  colourless  mobile  liquid  of  ethereal  and 
faintly  ammoniacal  odour,  boiling  at  100°.  It  is  very  hygro- 
scopic, forms  white  clouds  with  moist  air,  dissolves  in  water 
and  alcohol  with  evolution  of  heat,  and  corrodes  cork  and 
caoutchouc. 

K2S2O7  acts  upon  it  to  form  potassium  ethyl-hydrazine  sulphite, 
CsHgNH — NH — SO3K,  which  in  its  turn  reacts  with  mercuric  oxide  to 
yield  potassium  diazo-ethane-sulphonate,  C2H5N=N — SO3K,  a  diazo- 
compound  which  detonates  violently  upon  warming.  (See  diazo- 
benzene.) 

Di-ethyl-hydrazine,  (C2H5)2N — NHg,  is  prepared  from  di- 
ethylamine  by  transforming  it  into  di-ethyl-nitrosamine  by  the 
nitrous  acid  reaction,  and  then  reducing  the  latter : 

(C2H5)2N~NO  +  2H2  =  (C2H5)2N-NH2  +  Hp. 

It  resembles  ethyl-hydrazine  closely. 

Tetra-ethyl-tetrazone,  (C2H5)2— N— N=N— N— (C2Hb)2,  a  colourless 
strongly  basic  oil,  volatile  with  steam,  results  upon  treating  di-ethyl- 
hydrazine  with  mercuric  oxide. 

For  the  behaviour  of  hydrazines  with  aldehydes  and  ketones, 
see  these. 

The  constitution  of  the  hydrazines  follows  from  their  modes 

of  formation.      Since  in  di-ethyl-nitrosamine,  (C2H5)2N — NO, 

^r  instance,  the  nitroso-group  NO  must  be  bound  to  the 

nitrogen  of  the  amine  and  not  to  the  caxVioii,  \vx^^?k^'^'^^'^ 


PHOSPHORUS   tOMl-OUNUH. 

use  with  which  it  can  be  separated,  (p.  113),  bo  the  same 
linking  of  the  atoms  must  be  assained  in  the  hydrazines,  which 
are  formed  from  the  nitroso-compouudB  by  reduction,  i.e.  by 
(^change  of  O  for  Hj.  In  agreement  with  this  stands  the  easy 
rMxidatioD  of  the  hydrazines  to  di-ethylaioine  by  an  alltalino 
dotion  of  cupric  oxide.  The  hydrazines  are  very  stable  aa 
regards  reducing  agents. 

Whan  one  H-atom  iii  each  of  the  two  amiiio-groupa  is  replaue/i, 
however,  hydrazo-oompounda,  R — NH — NH — R,  are  formed.  (Sta 
Atomatic  hf  drazo-compoimdB, ) 

E.  PhoBphorus-,  Arsenic-,  etc.  Compounds. 

1.  Phosphorus  compounds  of  the  alcohol  radicles- 

Just  as  amines  are  derived  from  ammonia,  so  from  phos- 
phuretted  hydrogen,  PHg,  are  derived  primary,  secondary,  and 
tertiary  phosphinoa  by  the  exchange  of  hydrogen  for  alcoholic 
radicles,  and  to  these  must  likewise  be  added  quaternary  com- 
pounds, the  phosphonium  bases.  These  correspond  closely  with 
the  amines  in  composition  and  in  some  of  their  properties,  e.g. 
they  are  not  saponifiable.  But  they  differ  from  them  in  the 
following  points ; 

(1)  Phosphuretted  hydrogen  possessing  hardly  any  basic 
oharacter,  they  are  only  weak  bases.  Ethyl  phosphine  does 
Bot  affect  htmna  and  its  salts  decompose  with  water.  The 
lalts  of  the  secondary  and  tertiary  compounds,  however,  do 
not  thus  decompose,  this  showing  that  tlio  alcohol  radicles 
tsercise  a  slightly  basic  action. 

2.  They  also  resemble  phosphuretted  hydrogen  in  being 
reiulily  inflammable,  and  they  are  consequently  rapidly 
oxidized  in  the  air  and  easily  take  fire  of  themselves, 

3.  They  are  oxidized  by  careful  addition  of  oxygen  to  acida 
or  oxides  derived  from  phosphoric  acid,  and  they  also  combine 
in  part  with  sulphur  or  halogen. 

i.  Corresponding  with  the  disagreeable  smoU  of  phc^- 
phnretted  hydrogen,  they  possess  an  exceasiveVy  attow^ 
Mupe^-ing  odour i  thus  ethyl  phosphine  has  Bl  pertefitl'^  otct- 
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powering  smell,  and  excites  on  the  tongue  and  deep  down  i 
the  throat  an  intensely  bitter  taste. 

Summary, 


Phosphines. 


Phosphonium 
Bases. 


Primary. 


(CH3)PH2 

Methyl 
phosphine. 

Gas,  B.  Pt.  - 14 


Secondary. 


(CH3)2PH 
Di-methyl 
phosphine. 

Liq.,  B.  Pt.  25" 
Spontaneously  inflammable. 


Tertiary. 


(CH3)oP 
Tri-metnyl 
phosphine. 

Liq. ,  B.  Pt.  4r 
Fuming. 


Yield  upon  oxidation 


with  fuming  nitric  acid. 


(CH3)P0(0H), 

Methyl- 
phosphonic  acid. 


(CH3)2PO(OH) 

Di-methyl- 
phosphiuic  acid. 


Like  paraffin. 


M.  Pt.  105' 


M.  Pt.  76' 


in  the  air. 


(CH3)3PO 

Tri-methyl- 

phosphine  oxide. 

Hygroscopic 
needles. 

B.  Pt.  240° 


Quaternary. 


(CH8)4PI  and 

(CH8)4P.OH 

Tetra-methyl- 

phosphoniura- 

hydroxide. 

Similar  to  potash. 


Yields  upon 
heating  CH4  and 


Formation.  1.  The  tertiary  phosphines,  and  also  quaternary  com- 
pounds, result  directly  from  phosphine  and  alkyl  iodide,  in  a  manner 
analogous  to  method  of  formation  2  of  the  amines  : 

PH3+3C2H5I  =   P(C2H5)3  +  3HI. 

2.  According  to  Hofmann  (1871),  primary  and  secondary  phosphines 
are  formed  by  heating  phosphonium  iodide  and  alkyl  iodide  with  zinc 
oxide,  eg,  : 

2C2H6l  +  2PH4l  +  ZnO   =   2P(C2H5)H2,  HI  +  ZnIa+HaO. 

They  can  be  separated  from  one  another  by  decomposing  the  salts  of 
the  primary  phosphines  by  water,  as  already  mentioned. 

S.  The  tertiary  phosphines  are  produced  from  calcium  phosphide  and 
alkyl  iodide,  a  reaction  iSrst  observed  by  THeiUMrd  m\^\fe\ 


i  Also  trrim  pkoHphorua  trichloride  and  !Jnc  methyl. 
S.  Tlie  pboaphonium   compounds   result  from  the   comb!  >i  at  inn   of 
'^Ituuy  cdiiipnandB  with,  halogan   alkyl,   and  arc  verj  aiiidlftr  to  the 
*Ottt8ponding  annQonium  compouniia. 


L  Methyl  phosphine,  CHa-PHj^  (Hofimnn),  is  of  neutral 
^^ettction  and  caafly  soluble  in  dcohol  and  ether;  ita  s&lta 
Enleach  vegetable  colours. 

I      Tri-methyl  phosphioe,  P(CHj),,  cbanges  in   the  air  into 

■  TM-methyl-pbosphine  oxide,  P(CH^)jO,  which  distila  without 

r  decomposition  and  ia  very  stable  in  character.     The  phoaphine 

sJso  forms  with  sulphur  a  sulphide  analogous  to  the  oxide,  and 

witli  chlorine   a   di-chbride,  and    it   combines   with   caibon 

t bisulphide  to  a  compound  crystallizing  in  red  plates.  This 
list  reaction  is  very  delicate,  {Hofmann). 
Tri-methyl-phoaphonittm  Hydroxide,  P(CHa),OH.  Unlike 
Ihc  analogous  ammonium  hydroxide  this  compound  decom- 
^69  upon  beating  into  tri-methyl-phosphine  oxide  and 
Biethane: 
[  P(CH,)pH  =  P(CH3)sO  +  CH4. 

The  tetra-ethyl^  compoimd  breaks  up  in  the  same  way. 
Tri-ethyl  phosphine,  P{C,Hj)a,   has   no    alkaline  reaction. 
yslxa  concentrated  it  possesses  a  stupefying,  and  when  dilute 
« jileiisant  hyacinth-tike  odour. 

The  tendency  o£  phoHphonia  to  go  over  into  the  pentavalcnt  state 
Aavt  itself  in  characteristic  fashion  in  these  compounds.  The  group 
F<(.'H,)j  is  a  atroDgly  poaitive  mouovatent,  and  the  group  PfCHjIj  a 
■Irongly  positive  divalent  radicle,  the  former  being  comparable  with  the 
tlbali'es  and  the  latter  with  the  alkaline  eajrth  metals.  The  metalloid 
(hamcter  of  ph^phorus  ia  tliereforo  changed  into  one  more  metallic  by 
tbe  advent  of  the  alkyl  groaps. 

Tbe  phosphonic  acids,  phosphinic  acida  and  phosphine  oicidea  above- 
nKntianed  can  be  derived  from  phoEphoiic  acid  by  the  exchange  of  UH 
fir  ykyi,  thna : 

fOH  fOH,  fC,H,  (C,H, 

POJOH  POJOH  PO^C^a  POJCjH, 

1_0H  tOH  [oh  LCjH, 

Phoaphorio    Etbyl-phoapboaia    fli-ethyl-phOHpliinic    Tri-ct\\'j\- 

»cid.  avid.  aciil.  plioBB^iuio  oiiia. 
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The  first  may  also  be  regarded  as  alcoholic  derivatives  of  phosphor- 
ous and  hypophosphorous  acids,  but  not  as  ethers  of  these,  since  they 
are  not  saponifiable. 


2.  Arsenic  Compounds  of  Alcohol  Badicles. 


1 
^ 

Arsines. 

Arsonium  Bases. 

Primary. 

Secondary. 

Tertiary. 

Quaternary. 

€ 

to 
< 

AsCUCHs) 
Methyl- arsine 

dichloride. 
Liq.,B.Pt.  133° 

AsCl(CH-)a 

Cacodyl 

chloride 

Liq.,  B.  Pt.  100° 

A8(CH3)3 

Tri-methyl 

arsine. 

Liq.,  B.  Pt.  70° 

As(CH3)4 .  OH 

Tetra-methyl- 

arsone  hydroxide; 

like  potash. 

As(CH8)4l 

< 

Chlori 

A8Cl4(CH3) 

Methyl-arsine- 
tetrachloride. 

ne  Addition-corn] 

AsClsCCHs)^ 

Cacodyl 
trichloride. 

)ounds. 

AsCl2(CH3)3 

Tri-methyl- 

arsine  dichloride 

Tetra-methyl- 

arsone  iodide. 

Tables. 

AbCCHj^ 

Tetra-methyl- 

arsone  chloride. 

Correspondii 

ng  Oxides. 

4r 

As(CH3)0 
Methyl-arsine 

oxide. 

Prisms,  M.  Pt. 

95° 

AS(CH3)2}20 

Cacodyl  oxide. 

Liquid,  B.  Pt. 
150° 

w 

o 
o 

CO 

< 

(CH3)A80(OH)2 

Methyl-arsonic 

acid. 

Tables. 

(CH3)2AsO(OH) 

Cacodylic  acid. 

Prisms,  M.  Pt. 

200° 

(CH8)3AsO 

Tri-methyl - 

arsine  oxide. 

Crystals. 

^ 

The  similarity  of  arsenic  to  phosphorus  and  nitrogen  is 

further  exemplified  by  the  analogous  compounds  which   it 

forms  with  alcohol  radicles.     In  virtue,  however,  of  the  more 

metallic  character  of  arsenic,  these  compounds  dififer  from  the 

others  by  the  arsenic  not  being  ab\eU>  (ioxc^Aiv^  V\^2clV^^\^^\v 


ARSENIC  COMPOUNDS. 


'f    together  with  alcoliol  radicles,  but  only  with  electro-negative 
dements   like    chlorine   or   oxygen.      Arsenic    annlognes    of 

I  methyl  amine  and  di-methylatnine  have  therefore  no  existence, 
iint  we  know  tri-methyl-araine,  analogous  to  tri-ni  ethyl  amine 
snd  trinaethyl-phosphino.     As  primary  and  secondary  com- 

Ipmnds  we  have  methyl-araine  dichloride,  CHg.AsClg,  di- 
raethyl-arsine  chloride,  (CH3)2=AaGl,  and  analogous  sub- 
Etancee. 

I       They  are   colourless  liquids  of  stupefying  odour,  exerting 
in  Kome  cases  an  unbearable  irritating  action  upon  the  mucous 
membrane.       They    do    not    possess    basic    properties.      In 
i     siidition  to  these  there  exist  also  quaternary  compounds  which 
L  ire  exactly  analogous  to  the  quaternary  phosphonium  ones, 
^k   The  halogen  of  the  chlorine  compounds  is  easily  replaceable 
^Hf  its   equivalent  of  oxygen.     Thus,  corresponding   to   the 
fennponnd  K.AsCl^  there  is  an  oxide  R.AsO  and  a  sulphide 
E-AaS,   and    to    the   chloride  RjAaCl   an    oxide   (RjAsjjO. 
{See  tabular  summary,  row  3.)     These  oxides,  liquid  or  solid, 
ire  compounds  of  stupeiying  odour,   and  behave  like  basic 
oxides ;  hydrochloric  acid  reconvorts  them  into  the  chlorides. 

Here,  also,  the  tendency  of  arsenic  to  change  from  the — 

(apparently)— trival en t  to  the  pentavalent  state  is  especially 

marked.     The  above  chlorides  and  tri-methyl-aisine  itself  all 

combine  with  two  atoms  of  chlorine  to  compounds  of  the  type 

AsXj,  (see  table,  row  2).    The  above  oxygen  compounds  of  the 

tjpe  AsXa  and  also  tri-methyl-arsine  are  consequently  oxidiz- 

ible  to  compounds  containing  one  O-atom  or  two  OH-groups 

more,  acids  or  oxides  which  are  also  formed  from  the  chlorides 

of  the  type  AsX^  by  exchange  of  halogen  for  0  or  OH,  e.g. 

cacodyl  oxide,  (KjAs)^©,  to  cacodjlic  acid,  EgAs.OOH,  (see 

table,   row   4).      These    producta    are    therefore   completely 

analogous    to    the    phosphonic    and    phosphinic    acids    and 

pliosphine  oxides  already  described. 

The  compounds  As(CHj),Q(_„   of  the  type  AaX^,  break 

I    up   upon    heating    into    methyl    chloride     and    compounds 

^^(CHj)._iCl4_„  of  the  type  AaX^  this  separation  oi  matfa^\ 

^bibR»/0  taifag  place  the  inore   readily   the    fewei  m6t\v^\ 
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groups  are  present  in  the  molecule ;  thus  As(CH3)3Cl2  breaks 
up  when  somewhat  strongly  heated,  As(CH3)2Cl3  at  50**,  and 
As(CH3)Cl4  at  0**,  i,e,  the  last-named  is  only  stable  when  in 
a  freezing  mixture.  When,  therefore,  chlorine  acts  upon 
As(CH3)Cl2  at  the  ordinary  temperature,  the  reaction  appears 
to  be  one  of  direct  exchange  of  alkyl  for  chlorine,  thus : 

As(CH3)Cl2  +  CI2  =  AsClg  +  CHgCL 

If  one  considers  arsenic  to  be  a  trivalent  element,  one  finds  support 
for  this  view  in  the  fact  of  ASCI5  having  no  existence,  and  A8(CH3)5  only 
a  doubtful  one  ;  the  compounds  of  the  type  AsXg  are  in  this  case  to  be  re- 
regarded  as  molecular  compounds  of  AsXj  +  Cl^.  The  adding  on  of  the 
chlorine  molecule  would  thus  be  conditioned  by  the  latent  affinities  of  the 
chlorine  to  the  arsenic  and  to  the  alcohol  radicle,  which  indeed  finds 
expression  in  the  separation  of  chloro-alkyl  at  an  increased  temperature. 

Of  especial  interest  is  the  existence  of  the  isolated  radicle 
cacodyl,  As(CH3)2,  which  in  the  free  state  has  the  formula 
As2(CH3)4,  i.e.  it  is  di-arsene  tetra-methyl. 

Modes  of  formation,     A.  The  tertiary  arsines  result : 

1.  From  sodium  arsenide  and  alkyl  iodide,  {Gdhours  and  Riche), 

AsNaa  +  SCjHgl  =  As(C2H5)3  +  3NaL 

2.  From  zinc  alkyl  and  arsenic  trichloride,  {Hofmann), 

Trl-metbyl-arsine,  As(CH3)3,  and  trl-ethyl-arsine,  AsCCsHg),,  are 
liquids  difficultly  soluble  in  water.  They  fume  in  the  air,  changing 
thereby  into  tri-methyl-  or  -ethyl-arsine  oxide,  with  evolution  of  heat. 

B.  The  secondary  arsines  are  obtained  from  cacodyl  and 
cacodyl  oxide,  which  result  from  the  distillation  of  potassium 
acetate  and  arsenic  trioxide,  {Cadets  1760) : 

0{iS  +  *CH,C0,K   =   O{^jg|3).+  2CO,  +  2C03K^ 

The  distillate  of  cacodyl  and  cacodyl  oxide  so  obtained,  and 
termed  "  alkarsin,"  fumes  in  the  air  and  is  spontaneously  in- 
flammable. (CW^/'s  "fuming  arsenical  liquid.")  Hydrochloric 
acid  acts  upon  it  to  form  cacodyl  chloride  (Bunsen,  1838),  and 
caustic  potash  solution  gives  pure  Cacodyl  oxide,  As2(CH3)40,  a 
liquid  of  stupefying  odour  which  produces  nausea  and  unbear- 
Me  irritation  of  the  nasal  mucous  membrane ;  it  boils  without 
decomposition,  and  is  insoluble  in  water  aj\A.o\  Tvevi\.x^x^"Mi.t\aTi. 
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.g.  Cacodyl  chloride  with  hyJrc 

{(CH3)^)jO  +  2HC1  =   2(CH3),As.Ci  +  H„0. 

This  latter  compound  ia  a  liquid  of  even  more  atupofying 
odour  and  violent  action  than  the  former,  anil  wliose  vapour 
ia  spontaneously  inflammable.  Upon  being  heated  with  zinc 
clippings  in  an  atmosphere  of  carbonic  acid,  it  yields  the  free 
Cacodyl,  Aaj(CH!,)4  (from  KaK*>Siji,  "stinking"),  a  colourless 
liquid  insoluble  in  water  and  boiling  undecomposed  at  170°, 
of  a  horrible  nauseous  odour  which  produces  vomiting.  It  is 
ae  easily  inflammable  in  the  air  as  the  vapour  of  phosphonis, 
fielding  the  oxide  when  slowly  brought  in  contact  with  it, 
and  also  combining  directly  with  sulphur,  chloi'ine,  etc. 
Cacodyl  plays,  therefore,  even  down  to  the  most  minute  par- 
ticulars, the  rflle  of  a  simple  electro-positive  element ;  it  is  a 
true  "  organic  element,"  (Bunaen). 

Cacodylic  aoid,  {CH,),AsO.OH,  is  crystalUoe,  soluble  in 
water,  odourless  and  poisonous.     It  forma  crystal lizable  salts. 

C.  T^e primaryarjiines  or  mano-alkyl-aneaic  <!orapoaadB{Baeyer,lS5ii), 
result  trcnn  AlkyJ-aralnB  aicUortde,  e.g.  CMjAaCl,,  which  on  ita  part  ia 
obtAiued  by  beating  cacodyl  trichloride,  with  aeparatiuu  of  CH^Cl.  It 
u  a,  beavy  liquid,  soluble  in  water  without  decomposition,  and  also 
bMling  uadecompoBed,  its  vapour  buviug  a  terribly  aggresaive  action. 
3.  Antimony,  Boron,  and  Silicon  compounds. 

Antimony  also  forms  compounds  with  the  alkyls  precisely  similar  tu 
those  of  araenic;  primary  and  secondary  compounds  do  not  eniat.  Trl- 
mstliyl-BtltiiiiB,  3b(CHg)]  (Lamioll),  is  a  highly  disagreeablo  and  spon- 
taneously inQammable  liquid  of  union-like  smell  j  and  Antimony  penta- 
metbyl.  Sb(CH3)„  an  oily  liquid  of  weak  odour,  which  can  be  diatillail, 
and  is  not  spontaneoualy  indammable.  Tetra-methyl-stlbontuiu- 
bjdroilde,  Sb(CH,];OH,  is  alsn  very  like  caustic  potnah. 

Boron  trl-Bthyl,  Eo(CjHj)j  {Franktarid),  ia  a  apontaneously  inflani. 
mable  liquid  which  bonis  with  a  green  flame  with  deposition  of  much 
aoot,  and  Boron  tri-metbyl,  BofCH,),,  an  analogous  gae  of  an  nnbearable 
stinking  smell. 

The  Silicium  compounds  (AViprfei  and  Craft*)  are,  in  contrailistinctjon 
to  the  foregoing,  not  like  the  eiisily  spontaneously  iufiammable  silicon 
hydride,  but  like  metbiuie  and  the  paraffins,  and  are  verj  atabVemflie 
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SUldum  tetra-methyl,  Si(CH8)4,  is  a  mobile  liquid  similar  to  pentane, 
which  swims  upon  water. 

F.  Metallic  Oompounds  of  the  Alcohol  Radicles. 

The  alcohol  radicles  can  be  combined  with  almost  all  the 
more  important  metals.  The  composition  of  the  compounds 
so  formed,  termed  organo-metallic  or  metallo-organic  com- 
pounds, almost  always  corresponds  with  that  of  the  metallic 
chlorides  from  which  they  are  derived  by  the  replacement  of 
halogen  by  alkyL  They  are  colourless  mobile  liquids  which 
boil  without  decomposition  at  relatively  low  temperatures; 
they  often  decompose  violently  with  water  and  bum  explos- 
ively in  the  air,  but  in  other  cases  they  are  stable,  both  in 
water  and  air.  To  the  former  category  belong  the  magnesium, 
zinc  and  aluminium  alkyls,  and  to  the  latter  the  mercury,  lead 
and  tin  compounds. 

Compounds  are  also  known  which  contain  halogen  as  well 
as  alcohol  radicle  combined  with  a  metal.  They  behave  like 
salts.  The  halogen  in  them  can  be  replaced  by  hydroxyl, 
whereby  basic  compounds  result,  compounds  which  are  often 
much  more  strongly  basic  than  the  corresponding  metallic 
hydroxides,  in  accordance  with  the  electro-positive  character 
of  the  alcohol  radicle.  Such  hydroxides  or  oxides  cannot  be 
volatilized  without  decomposition. 

Modes  of  fm'mation.  1.  By  treating  the  halogen-alkyl  with 
the  metal  in  question.  In  this  way  zinc-,  magnesium-  and 
mercury-alkyl  are  got : 

Mg,  +  2CH3I  =  Mg(CH3)2  +  Mgl^ 

2.  By  treating  zinc-alkyl  or  mercury-alkyl  with  the  metal.  One  thus 
obtains  e.g.  cadmium  ethide  and  potassium  methide  : 

Hg(CH3)2  +  Cd  =  Cd(CH3)2  +  Hg. 

3.  By  double  decomposition  between  zinc-alkyl  and  the  chloride  of 
the  metal : 

2Zn(C2H5)2  +  SnCl4  =  Sn(C2H6)4  +  2ZnCl2. 


Potassium-  and  Sodium  methide,  K(CH3)  and  Na(0H3),  and 
Potassium-  and  Sodium  ethide,  K(5i«p.^  twci^  ^^<P^^^^  are 


BANO-MKTALLIC  COSIPOONDS.  127 

not  known  in  the  free  state.  When  metallic  sodium  is  added 
to  zinc  ethyl  (or  ethfde),  zinc  separates  out  and  a  crystalline 
compound  of  sodium  ethide  and  zinc  ethide  is  formed,  from 
which,  however,  the  former  cannot  be  prepared  pure,  since 
decomposition  sets  in  upon  warming.  On  distilling  in  a  stream 
of  carbonic  acid,  the  potaaaium  methide  comhinea  with  the 
latter  to  form  potasaic  acetate;  the  ethyl  compound  behaves 
in  a  similar  way. 

2ino  methyl  or  methide,  ZntCH^jg,  (Franldand,  1849). 
This  important  compound  is,  like  the  other  zinc  alkyls,  pre- 
pared according  to  method  1,  the  reaction  taking  place  in  two 
Etages  : 

L  CHgl  +  Zn  =  Zn(CH3l) ; 
IL  2Zn{CHa)I  =  Zn(CH^)2  +  Znl^ 

The  first  stage  is  completed  upon  warming,  and  the  second 
upon  distilling  the  resulting  product.  The  zinc  is  conveniently 
used  in  the  form  of  the  "  copper-zinc  couple,"  and  the  reaction 
is  facilitated  by  the  addition  of  acetic  ether,  the  reason  for  this 
not  being  known.  Zinc  methyl  is  a  colourless,  mobile,  strongly 
refracting  liquid  of  very  piercing  and  repulsive  smell. 
B.  Pt  46° ;  Sp.  Gr.  1-39.  It  takes  fire  in  the  air  at  once,  and 
boma  with  a  brilliant  reddish-blue  flame  (the  zinc  flame),  with 
formation  of  zinc  oxide.  When  the  supply  of  oxygen  is 
limited,  zinc  methylate,  Zn(OCIIy),,  is  formed.  It  decomposes 
violently  with  water  to  methane  and  Zn(OH)j,  and  gives  ethane 
with  methyl  iodide.  It  is  employed  e.g.  in  the  preparation 
of  secondary  and  tertiary  alcohols  and  of  acetone.  Iodine 
converts  it  mto  Zinc-methyl  iodide,  ZnCHjI,  white  plates, 
(see  above),  and  methyl  iodide ;  an  excess  of  iodine  yields 
zinc  iodide  and  methyl  iodide. 

Zino  ethide,  Zv{C^^X  ^-  '^^-  1'8°,  Sp.  Gr.  1-18,  is  exactly 
like  zinc  methide. 

UerciUT  metbltle,  Hg(CH3)^  (fVanHnnrf),  aad  HercniT  othldB, 
Hg(CjH5]^  (Biitklon),  are  produced  by  method  of  formation  1,  alao 
by  method  3.  Thoy  are  colourleaa  liquiJa  of  peculiar  sweetish  and 
luipliutBiiiit  iidmir.  B.  Ft.  of  the  methyl  compound  9-'>°,  atid  Sp. 
Gr.  i="3.  B.  Pt.  of  the  tthyl  compound  ISO".  They  are  pemaniBsA 
in  tbo  ajr  butioSaioniable,  miil  both  — eBpouJaily  the  methyV  comvwmA— 
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are  very  poisonous.     HCl  reacts  to  produce  Mercory-metliyl  cliloride, 
Hg(CH3)Cl,  a  colourless  salt,  thus : 

flg(CH8)2  +  HCl  =  Hg(CH8)Cl+CH4. 

To  this  there  is  a  corresponding  iodide  and  also  a  hydroxide, 
Hg(CH3)0H,  of  strongly  alkaline  reaction. 

Mercury-ethyl  hydroxide,  Hg(C2Hg)0H,  is  an  oily  odourless  liquid  of 
extremely  caustic  taste,  slippery  to  the  touch  like  potash,  and  gradually 
blistering  the  skin. 

Aluminium  methlde,  A1(CH3)3,  is  spontaneously  inflammable  and 
decomposes  violently  with  water. 

Lead  methlde,  Pb(CH3)4,  and  ethlde,  Pb(02He)4  {Gdhoura).  These  are 
formed  according  to  method  3,  curiously  with  separation  of  lead  : 

2PbCl2+2Zn(CH3)2  =  Pb(CH3)4  +  Pb+2ZnCl2. 

They  are  stable  in  the  air,  and  are  interesting  from  the  lead  in  them 
being  tetravalent.  The  Hydroxide,  Pb(CH3)3.0H,  forms  pointed 
prisms,  smells  like  mustard,  and  is  a  strong  alkali ;  thus,  it  saponifies 
fats,  drives  out  ammonia  from  its  salts,  precipitates  metallic  salts,  etc. 
The  compound  V\{p^^^  is  also  known. 
The  tin  compounds  are  similar  {Ladenhurg,  Fry,nhtand), 
Tin  tetra-metUde,  Sn(CH3)4,  Tin  tetra-ethlde,  Sn(C,HB)4,  Tin  tri- 
ethlde,  Sn2(C2H5)g,  Tin  dl-methlde,  Sna(CH3)4,  etc.,  are  of  interest  as 
proving  the  tetravalence  of  tin. 


V.  ALDEHYDES  AND  KETONES,  O^H^^O. 

The  aldehydes  and  ketones  are  substances  which  result  from 
the  oxidation  of  the  primary  and  secondary  alcohols  respec- 
tively, with  separation  of  two  atoms  of  hydrogen. 

The  Aldehydes  are  formed  from  the  primary  alcohols,  and 
are  easily  converted  by  further  oxidation  into  the  correspond- 
ing acids  containing  an  equal  number  of  carbon  atoms,  oxygen 
being  taken  up.  They  possess  in  consequence  strongly  re- 
ducing properties. 

The  Ketones  result  from  the  oxidation  of  the  secondary 
alcohols,  and  are  more  difficult  to  oxidize  further;  they  do 
not  possess  reducing  properties.  Their  oxidation  does  not 
lead  to  acids  containing  an  equal  number  of  carbon  atoms  in 
the  molecule,  but  to  others  containing  a  smaller  number,  the 
carbon  chain  being  broken. 
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The  lower  members  of  both  classes  lire  neutral  lirjiiids  of 
Ipeculiar  amell,  easily  soluble  in  water  and  raudily  volatile, 
I  only  CHjO  heing  gaseous.  With  increasing  carbon  they  soon 
ijeeome  insoluble  in  water,  and  their  odour  becomes  less 
knarked  with  rise  of  melting  point  until  the  highest  members 
■Are  solid,  odout'Iess,  like  pamtfiu,  and  only  capable  of  being 
fdiatilled  without  decomposition  in  a  vacuum. 

The  aldehydes  are  also  perfectly  analogous  to  the  ketones  as 
t  regards  other  modes  of  formation  and  in  many  of  tlieir  pro- 
I  perties. 

A.  Aldehydes. 

The  homologous  series   of  the   aldehydes,   C,,!!,,,©,   corre- 

jpondfi  exactly  with  that  of  the  acids,  CuHj„0».     Tlieir  boiling 

»ints  lie  decidedly  lower  than  those  of  the  corresponding 

Mcohols,  and  rise,  in  the  normal  aldehydes,  at  first  by  about 

\27°  for  each  CH,,  and  later  on  by  a  less  amount. 

Modes  of  fonmiwii.     1.  By  the  regulated  oxidation  of  the 

L  primary   alcohols,    C„H5„^.iOH,   by    potassium   bichromate  or 

inanganese  dioxide  and  dilute  sulphuric  acid ;  often  slowly  by 

the  oxygen  of  the  air  alone,  especially  in  the  presence  of  bone 

black  or  platinum : 

CH^HpH  +  0   =   CH,.CHO  +  H,0. 
Alcohol.  Aoetic  aldeiiydo. 

Aldehydes  are  also  produced  by  the   oxidation   of  many 
complicated  organic  substances,  such  as  albumen. 

3.  From  the  acjda  of  the  acetic  series,  by  diatilluig  a  mixture 
of  their  calcium  or  barium  sa,lta  with  calcium  or  barium 
formate,  {Limpricht).  The  formic  acid  acts  in  tliia  instance  as 
1  reducing  agent,  producing  calcium  carbonate,  thus  ; 
CH^COOca  +  HCOOca  =  CH3.CHO  +  CaCO,.  (ca^^Ca.) 
Other  reducing  agents  have  for  the  moat  part  no  action. 
3.  From  the  di-habgen  substitution  products  of  the  hydro- 
curbona  containing  the  atomic  group  CHXj,  by  superheating 
^ih  water  or  by  boiling  with  water  and  PbO  : 

-CHClj  +  H3O    =    CH3— CHO  +  2HC1. 
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Constitution.  By  the  oxidation  of  the  primary  alcohols, 
R — CHg-OH,  to  their  corresponding  acids,  whose  constitution 
follows  as  R — CO.  OH,  the  new  oxygen  atom  affixes  itself 
only  to  that  carbon  atom  which  is  already  combined  with 
oxygen — in  the  form  of  hydroxyl — ,  the  hydrocarbon  radicle 
R  remaining  unaltered.  It  must  consequently  also  remain 
unchanged  in  the  intermediate  products  of  the  oxidation,  the 
aldehydes,  which  therefore  possess  the  constitution  R — CHO : 

CHo— CH2.OH         CH3— CHO         CH3— CO.OH 

Y  T  T 

Alcohol.  Aldehyde.  Acetic  acid. 

The  aldehydes  thus  contain  the  atomic  group  — CHO   or 

— C^TT,  bound  either  to  hydrogen  as  in  formic  aldehyde, 

H — CHO,  or  to  an  alcohol  radicle  as  in  all  the  other  cases. 

Isomers.  Isomerism  in  the  aldehydes  is  caused  solely  by 
isomerism  in  the  alcohol  radicles  R,  which  are  combined  in 
them  with  the  group  — CHO,  and  therefore  contain  an  atom 
of  carbon  less.  Otherwise  the  aldehydes — ^from  CgHgO  on — 
are  isomeric  with  the  ketones,  with  the  oxides  of  the  olefines 
{e.g.  aldehyde  with  ethylene  oxide,  CgH^O),  and  with  the 
alcohols  of  the  allylic  series. 

Behaviour.  The  aldehydes  are  distinguished  by  being 
exceptionally  active  chemically. 

1.  For  oxidation,  see  above.  The  aldehydes  are  very 
readily  oxidizable,  slowly  even  by  the  air  alone,  and  quickly 
by  chromic  acid,  salts  of  the  noble  metals,  etc.  They  conse- 
quently reduce  an  ammoniacal  solution  of  silver  and  often  one 
of  copper;  this  reaction  is  characteristic  and  is  especially 
delicate  in  the  presence  of  caustic  soda  solution. 

2.  The  aldehydes  are  easily  reducible  by  nascent  hydrogen, 
e.g.  sodium  amalgam  and  dilute  acid  or  zinc  dust  and  glacial 
acetic  acid,  to  the  primary  alcohols  from  which  they  are 
derived  by  oxidation,  e.g.  : 

CH3— CHO  +  H2   =   CH3.CH2OH. 

A  glycol  is  formed  as  intermediate  product^  e,g.  butylene 
S^Jj^col,  C^Hs(OH)^  from  G^Rfi. 
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3.  Pliosphonis  pentachloride  anil  -trichloride  convert  the 
uldohyries  into  ethylidene  chloride  ajid  anologoiis  di-chluro- 
substitiition  products  oi'  the  hydrocarbone. 

4.  Addition-reactions.  One  would  expect  that  upon  treat- 
ing ethylidene  chloride  or  analogous  chlorides  with  water  and 
lead  oxide,  for  ioetance,  two  hydroxyl  groups  would  replace 
two  chlorine  atoms,  and  a  compound,  CHg— CH<^qtt,  would 

be  produced,  which  would  be  a  diatomic  alcohol,  "  ethylidene 
glycoL"     Such   compounds   are    however  not  formed,    being 
apparently  broken  np  at  once  into  aldehyde  and  water,  thus : 
CHs— CH<^^   =    CHa— CHO  -i-  H^O. 

From  this  we  may  draw  the  conclusion  thut  two  hydTOT.yl 
groups  bouTid  lo  one  and  the  same  carbon  atom  cannot  as  a  rule  exist 
together,  but  a  molecule  of  water  is  separated,  and  an  oxygen 
atom  is  bound  by  its  two  affinities  instead.  Only  in  particular 
cases  are  compounds  with  two  such  hydroxyls  capable  of 
existence  (see  below),  being  formed  by  the  addition  of  water 

I  to  the  aldehyde  in  question. 

If,  in  place  of  water,  NuHSOg,  NHg,  HON,  etc,  be  employed. 

}  direct  addition  to  the  aldehydes  is  observed,  and  this  is  to  be 
explained  in  every  case  by  the  doubly-linked  oxygen  atom 
loosening  one  of  its  affinities  from  the  carbon,  so  that  an 
affinity  remains  free  in  the  case  of  both  of  them,  thus  : 

A  hydrogen  atom  of  the  substance  in  question  now  affixes 
itself  to  the  oxygen  of  the  aldehyde,  with  formation  of  a 

Ihydroxyl  group,  while  the  residua!  X,  e.g.  NH^,  which  was 
originally  bound  to  the  afore-mentioned  H-atom,  attaches 
itself  to  the  carbon ;  these  compounds  receive  therefore  the 
formula : 
til 
1>> 


The  substances  so  produced  are  to  be  regarded  as  deriva- 
'tives,  such  as  simple  and  compound  ethers,  amines,  etc.,  ot  ttife 
■hypothetical  etbylidene-  and  iomologoua  glycols. 
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The  most  important  addition-reactions  are  as  follows :  — 

(a)  Combination  with  water,  which  would  lead  to  a  diatomic 
alcohol,  does  not  as  a  rule  take  place,  for  the  reasons  already 
given.  Should  the  alcohol  radicle  of  the  aldehyde,  however, 
contain  several  negative  atoms,  e.g.  CI,  then  the  hydrates  are 
capable  of  existence,  for  instance  chloral  hydrate : 

CCI3— CHO  +  HgO  =   CCI3— CH(0H)2. 

But  even  in  these  cases  the  tendency  for  water  to  separate 
is  too  great  to  allow  of  such  hydrates  behaving  as  diatomic 
alcohols ;  they  react  rather,  for  the  most  part,  exactly  like  the 
aldehydes  themselves.     (Cf.  pyroracemic  and  mesoxalic  acids.) 

(b)  Similarly,  combination  but  seldom  takes  place  with 
alcohol,  acetic  acid,  etc.,  with  the  formation  of  an  easily  decom- 
posable alcoholate  or  acetate.  But,  upon  heating  with  alcohol 
or  acetic  anhydride,  stable  ethers,  simple  and  compound,  of  the 
hypothetical  glycols  are  obtained : 

CH3— CHO  +  2C2H5.OH    =   CH3— CH(OC2H5)2  +  HaO. 
CH3— CHO  +  (C2H30)20  =   CH3— CH(OC2H302). 

The  compounds  resulting  from  alcohols,  the  so-called 
"acetals"  (see  p.  136),  are  also  formed  by  the  partial  oxidation 
of  primary  alcohols,  and  are  again  separated  into  their  com- 
ponents by  sulphuric  acid. 

Thio-alcohols  (p.  93),  yield  with  aldehyde,  under  the  influence  of 
gaseous  HCl,  thio-acetals  which  are  termed  Mercaptals. 

(c)  The  aldehydes  combine  with  sodium  bisulphite,  NaHSOg, 
ammonium  bisulphite,  etc.,  to  crystalline  compounds,  easily 
soluble  in  water  but  difficultly  in  alcohol,  e.g, 

C2H4O  +  NaHS03  +  JH2O. 

These  are  to  be  regarded  as  sulphonic  acids  of  the  ethy- 
lidene-  etc.,  glycols,  for  instance,  CH3 — CH(0H)(S03Na). 
Nevertheless  they  are  almost  always  easily  broken  up  again 
with  re-formation  of  the  aldehyde,  warming  with  soda  solution 
or  with  acids  effecting  this.  They  are  therefore  of  great  im- 
portance for  the  separation  of  aldehydes  from  mixtures. 

(d)  The  aldehydes  combine  with  ammonia  to   aldehyde- 
ammonias,  ^.^.ilideiyde-ammonia,OH^--OH(9H.^(JJH^V  These 
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are  crystalline  compounds,  for  the  moat  part  easily  soluble  in 
water,  difficultly  in  alcohol,  and  insoluble  in  ether,  wliicli  go 
back  into  the  original  aldehyde  when  warmed  with  dilute 
acids.  Like  thebisulphitecompounda,  they  are  advantageously 
used  for  the  preparation  of  pure  aldehydes.     (See  p.  135.) 

Imido-compoundB  of  the  aldehydea,  R— CH  =  NH,  are  only  known  in 

>  few  inBtMioea,  e.g.  chloral-imide.  CClj— CH=NH  ;  ethyl-metliylene- 

online,  CHj=N— C,Hj,  from  ethylamine  and  tri-oxy-mathyleiie  (p.  135). 

Many  nitrile  compouoda  are  known,  e.g.  Hydracetnmlde,  (CHg-CHj^N^ 

(e)  The  aldehydes  combine  with  hydrocyanic  acid  to  form 
nitrilee  of  higher  acids,  thus,  acetic  aldehyde  yields  the  com- 
pound CH3^CN<Vi„,  ethylidene  eyanhydrin,  a  liquid  easily 
broken  up  again  into  its  components.     (See  lactic  acid.) 

5.  The  aldehydes  show  great  tendency  to  polymerize.  (See 
pp.  13  and  48.)  In  the  case  of  formic  aldehyde  this  poly- 
merization sets  in  of  its  own  accord  at  the  ordinary  temperature. 
Acetic  aldehyde  is  polymerized  upon  the  addition  of  small 
;quantities  of  hydrochloric,  sulphuric,  or  sulphurous  acid,  zinc 
ifihloride,  carbonyl  chloride,  etc.,  to  para-aldehyde,  OgHj^Og, 

(0^1140)3,  at  the  ordinary  temperature,  and  to  meta-alde- 
hyde,  (C^40)„  at  0°.  Why  the  above-meutioned  substances 
should  induce  this  polymerization  is  not  known. 

i.  Towards  alkalies  the  aldehydes  behave  differently.  Alde- 
hyde and  BBTeral  of  its  homologues  are  converted  by  heating 
with  caustic  soda  solution  into  a  reddish-brown  resin  termed 
aldehyde-resin,  insoluble  in  water  but  soluble  in  alcohol,  a 
peculiar  odoiu-  being  apparent  at  the  same  time.  This  reaction 
ifi  characteristic.  Other  aldehydes  are  transformed  by  alkalies 
into  a  mixture  of  equal  molecules  of  alcohol  and  acid,  the  one 
lialf  being  oxidized  at  the  cost  of  the  other  half,  thus : 
2HC0H  =  CH3OH  +  H.CO,H. 
Formic  auid. 

7.  The  a1deh3rdes  show  great  inclination  to  form  condensa- 
ioii  products,  i.e.  two  molecules  may  combine  together  with  a 

irrangement  oF  tiie  car))Oti  bonds  and  formation  o?  a  toia- 
' ewttaimng  tfvioe  aa  many  atoms  of  carbon,  a\iy&cog,ea 
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atom  of  the  one  molecule  combining  with  the  oxygen  of  the 
other  to  hydroxyl. 

In  this  way,  when  aldehyde  stands  for  a  lengthened  period 
with  dilute  hydrochloric  acid,  /?.  oxy-butyric  aldehyde  (see 
Aldol)  is  formed : 

CH3— CHO  +  CH2H— CHO  =  CH3— CH(OH)— CH2— CHO. 

Aldd  condensation,  Aldol  readily  separates  water  and  goes  into 
Crotonic  aldehyde,  CH3— CH=CH— CHO,  which  also  results  directly 
upon  warming  aldehyde  with  zinc  chloride,  (Aldehyde  condensation). 
Sulphuric  acid,  sodium  acetate  in  aqueous  solution,  and  alkalies,  e.g, 
dilute  soda,  baryta  water,  etc.,  also  induce  condensation. 

The  *' aldol  condensation"  is  easily  explained  by  assuming  the  for- 
mation of  an  aldehyde  hydrate,  and  subsequent  separation  of  one  of  the 
two  hydroxyls  thus  formed  with  a  hydrogen  atom  of  a  second  aldehyde 
molecule.     For  condensation  with  ketones,  see  these. 

7a.  The  aldehydes  combine  in  a  similar  manner  with  sodium  acetate 
and  acetic  anhydride  to  acids  poorer  in  hydrogen.  See  e.g.  chmamic 
acid. 

8.  Chlorine  and  bromine  act  upon  the  aldehydes  as  sub- 
stituents ;  thus,  from  acetic  aldehyde  chloral  is  obtained . 

CHg— CHO  +  3CI2  =  CCI3— CHO  +  3HC1. 

9.  Sulphuretted  hydrogen  converts  the  aldehydes  into  thio-aldehydes. 
These  are  compounds  of  unpleasant  aromatic  odour,  which  show  the 
same  peculiarities  of  polymerization  as  the  aldehydes,  {Klinger.) 

10.  With  hydroxylamine  the  aldehydes  yield  the  so-called 
Aldoximes,  water  being  separated,  e,g,  aldoxime, 

CHg— CH=N.OH,  (F.  Meyer,  B.  16,  2778). 

CH3.CHO  +  NH2OH  =  CH3.CH=N.0H  +  HgO. 

The  aldoximes  are  liquids  which  distil  for  the  most  part  without  de- 
composition, are  capable  of  forming  simple  and  compound  ethers  in 
virtue  of  their  hydroxyl  hydrogen,  and  are  broken  up  into  their  com- 
ponents upon  boiling  with  acids.  Acetic  anhydride  decomposes  them  for 
the  most  part  into  nitrile  and  water  : 

CH3— CH=N.OH   =   CH3.CN  +  HaO. 

By  the  reduction  of  the  oximes,  primary  amines  result,  (p.  113 ; 
Ooldschmidt,  B.  19,  3232 ;  20,  728) : 

CH3—CH:N,0K  +  2fl2  =  CHg-CHa— NHg  +  H,0. 
Aldoxime,  lLt\iy\amm^. 


11.  Tbe  sJialogoaB  r 
phenyl-hydniaiiie  than  in  that  of  hydroxylftminc,  (E  Fi:.rhrr). 
R— CHO  +  C,H,-NH-NH,   =   R— CH-N— NH— C„Hj  +  H,0. 

The  compDuiidB  wliii:ii  arc  formed  in  this  way  are  toi-nicd  Uydrarjinca 
or  Hydrazides.     (For  further  details,  see  p.  37a  ) 

Tests  f&r  aldehydes.  (1)  Behaviour  with  ammouiacal  silver 
eolution  (aee  p.  130,  and  also  B.  15,  1629).  (3)  Behaviour 
with  alkaline  bisnlphites  (aee  p.  132).  (3)  Behaviour  with 
phenyl-hydrazine  and  hydroxy lamine.  (i)  Aldehydes  colour 
a  fuchsine  solution,  which  has  been  decolourized  by  sulphurous 
acid,  an  intensive  violet-red;  some  ketones  and  chloral,  but 
not  chloral  hydrate,  produce  the  same  effect.  ScHff,  Oaro. 
(B.  13,  234:3). 

Formic  Aldehyde,  MHhyl  Aldthydii,  H.CHO.  This  may 
also  be  regarded  as  the  oxide  of  the  diatomic  radicle  methy- 
lene, CHj^  It  ia  obtained  dissolved  in  excess  of  methyl 
alcohol  by  leading  the  vapour  of  the  latter,  mixed  with  air, 
over  a  glowing  platinum  or  copper  spiral  or  platinum  asbestos, 
(Sofimnn,  1869).  Other  oxidizing  agents  lead  directly  to 
formic  acid. 

It  is  only  known  in  solution  and  in  the  state  of  vapour, 
since  it  polymerizes  at  the  ordinary  temperature  to  Tri-oxy- 
metlljlene  or  para-formic  aldehyde,  CgHnOg,  a  white  crystalline 
mass  which  again  dissociates  upon  being  vaporized,  as  is  shown 
by  the  vapour  density  and  the  pungent  odour  evolved, 

Acetic  Aldehyde,  Aldehyde,  CHa—CHO,  was  fonnerly 
termed  "acetyl  hydride,"  C^HjO.H,  {Fowreroy  and  Vau^adm, 
1800;  composition  established  by  laehig  in  1835;  name 
taken  from  "  alcohol  dehydrogenatum  ").  Ifc  is  pre])ared  by 
passing  ammonia  gas  into  an  ethereal  solution  of  the  crude 
alilehyde,  obtained  by  oxidizing  alcohol  with  KgCrgOy  -i-  H^SOj 
and  drying  over  CaCl^,  washing  the  precipitated  aldehyde- 
ammonia  with  ether,  and  finally  distilling  it  with  dilute 
sulphuric  acid.  It  is  obtained  in  large  quantity  as  a  bye- 
product  in  the  first  portions  of  the  distillate  in  the  manu- 
Kfacture  of  spirit.     For  its  production  in  place  of  -rin^V  a.\i:cit.o\, 
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Colourless  mobile  liquid,  B.  Pt.  21**;  Sp.  Gr.  about  0'8. 
Has  a  peculiar  aromatic  and  suffocating  odour,  producing  a 
kind  of  cramp  in  the  chest  when  inhaled.  Bums  with  a 
luminous  flame  and  dissolves  sulphur,  phosphorus,  and  iodine. 
Chlorine  converts  it  into  acetyl  chloride,  and  carbonyl  chloride, 
COClg,  into  a  liquid  of  fairly  constant  boiling  point,  formerly 
termed  "  chloro-acetene. " 

Para-aldehyde,  CgH^gOg,  is  a  liquid  difficultly  soluble  in 
water.  M.  Pt.  +  10' ;  B.  Pt.  124°,  i.e.  more  than  100"  above 
that  of  aldehyde.     Is  used  as  a  soporific. 

Meta-aldehyde,  (CgH^O),,  crystallizes  in  white  prisms 
insoluble  in  water,  which  sublime  at  a  little  over  100**,  with 
partial  reconversion  into  aldehyde.     (See  B.  14,  2271). 

Meta-aldehyde  is  changed  back  again  into  ordinary  alde- 
hyde by  prolonged  heating  to  115'  in  sealed  tubes,  and  also, 
as  is  the  case  ^vith  para-aldehyde,  by  distillation  with  some- 
what dilute  sulphuric  acid.  Para-aldehyde  reacts  in  the  same 
way  as  ordinary  aldehyde  with  PClg,  but  not  with  NH^, 
NaHSOg,  AgNOg,  and  NHgOH.  The  constitution  of  para- 
aldehyde  may  be  taken  as  : 

0— CHv  •  CH3 
CHo .  CH<  >0      (KehiU  and  Zmdce). 

\0— CH/CH3 

(The  connection  of  3  molecules  of  aldehyde  by  C-bonds 
cannot  be  assumed,  on  account  of  the  readiness  with  which 
para-aldehyde  breaks  up  into  the  former.) 

With  regard  to  these  and  other  polymeric  compounds,  the 
general  rule  has  been  proved  to  hold,  that  in  the  case  of  bodies 
of  similar  constitution,  the  one  of  simpler  composition  is  the 
more  soluble,  possesses  the  lower  melting  point,  and  is  the 
more  easily  vaporized. 

Acetal,  G2ll^{OG^n^)o^.  B.  Pt.  104'.   Methylal,  CH2(OCH3)2. 

B.  Pt  42°.     These,  especially  methylal,  are  frequently  used 

instead   of  aldehyde  for  the   carrying   out   of  condensation 

reactions,  (seep,  134).     Methylal  is  employed  in  medicine  as 

a  sopori^c. 
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iBo-nlerlo  aldeUfde,  (CUs)j  =  CH— CH,— CIIO,  from  iao-amyl 
sloohol.      B.  Pt.  »r.      But  sUghtly  soluble  in  water. 

NnriDBil  Heptyllc  aldehyde,  Orvanlhel,  C^ll^fii,  is  ubtuioed  by  the  diy 
diatillation  of  cantor  oil  ouiSer  diminiahed  prcaaare, 

YariouB  AldebydeB  Cg,  Cg,  C„  C,o,  and  tho  iiomml  Aldehydea  0,^  0„,  0„, 
and  C^g,  are  also  known,  the  latter  being  prepared  from  the  correspnnd- 
ing  normal  acids. 

Mono-  and  Dl-cMor-alfleUrda,  CHjaCHO,  and  CHC1,CH0,  are 
liijuida  l«iliiig  respectively  at  85°  and  89°. 

Chloral,  CC13.CH0,  (LieUg),  ia  a  liquid  which  boila  at  98°, 
and  which^when  Impure — ^eosily  changes  into  a  solid  poly- 
meiic  modification,  meta-chloral,  but  is  regenerated  irom  tliis 
upon  heating.  It  combines  readily  with  water  to  chlor&I 
hydrate,  CCl3.CH(0H)j,  (see  p.  131),  and  with  alcohol  to 
Chloral  alcoholate,  CCI,— CHfOHXOCsHj),  and  Tri-chloro- 
acfltal,  CCla— CH{O.CjH5)2.  The  end  product  of  the  action 
of  chlorine  upon  alcohol  consists  chiefly  of  tlie  last  three  sub- 
stances, which  are  converted  into  chloral  by  distilling  with 
sulphuric  acid,  and  rectifying  over  hme. 

Chloral  is  an  oily  liquid  of  a  sharp  and  characteristic  odour. 
It  combines  with  aodium  bisulphite,  ammonia,  hydrocyanic 
acid  and  acetic  anhydride,  and  reduces  an  ammoniacal  solution 
of  silver.  It  ia  easily  oxidized  to  tri-chloracetic  acid,  and 
broken  up  by  alkali  into  chloroform  and  alkaline  formate  ; 
CClgCH.O  +  HKO  =  CCI3H  +  HCO2K. 

Chloral  Hydrate,  CClg.CH(0H)2,  forms  crystals  readily 
soluble  in  water,  melting  at  57°,  and  boiling  with  dissociation 
at  97°.  It  acts  as  a  soporific  and  antiseptic.  Sulphuric  acid 
converts  it  into  chloral. 


Of  the  aldehydes  poorer  in  hydrogen  muat  be  mentioned,  in 
L    addition  to  Crotonio  aldehyde  (p.  134), 

I  Acrolein,  Acrylk  aldehyde,  Allyl  ddeltyde,  CH^^^CH— CHO, 
I  -which  is  produced  by  the  oxidation  of  allyl  alcohol,  by  the 
Ldist illation  of  fats,  and  by  heating  glycerine  with  bisulphate  of 
Bpotash.  It  ia  a  liquid  boiling  at  52°,  of  pungent  odowi  <^\i\ft 
m^oeU  of  baraing  fat  hmng  due  to  itj,  and  of  YioVent  Bfit\ott  , 
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upon  the  mucous  membrane  of  the  eyes.  It  unites  in  itself 
the  properties  of  an  aldehyde  and  of  a  compound  poorer  in 
hydrogen. 

Acrolein-ammonia  yields  picoline,  CgH^N,  upon  distillation  (see 
pyridine  bases),  and  crotonic  aldehyde-ammonia,  by  an  analogous 
reaction,  collidine,  CgHuN. 

Acrolein  is  capable  of  combining  with  two  atoms  of  bromine  to 
Di-bromo-acrolein,  (di-bromo-propyl  aldehyde),  CHjBr — CHBr — CHO, 
a  compound  which  is  of  importance  in  the  synthesis  of  the  sugars.  (See 
p.  285.) 


B.  Ketones. 

The  lowest  member  of  the  series,  Acetone,  contains  three 
atoms  of  carbon.  The  higher  members,  from  0^2  on,  are  solid. 
They  are  all  lighter  than  water,  e.^.,  the  Sp.  Gr.  of  acetone  is 
0-81  at  0^ 

Occurrence,  Acetone  is  present  in  urine,  methyl-nonyl 
ketone  in  oil  of  rue,  Ruta  graveolens. 

For  constitution  and  nomenclature,  see  below. 

Modes  of  formation.  1.  By  the  oxidation  of  secondary 
alcohols,  which  lose  thereby  two  atoms  of  hydrogen : 

CH3.CH(OH).CH3  +  0    =    CH3.CO.CH3  +  HgO. 
^ , ^  ^ , ' 

Iso-propyl  alcohol.  Acetone. 

Many  other  compounds  also,  which  contain  secondary  hydro- 
carbon radicles,  yield  ketones  upon  oxidation,  e,g,  iso-butyric 
acid. 

2.  From  acids  by  the  dry  distillation  of  their  calcium  or 
barium  salts,  carbon  dioxide  being  formed  : 

2CH3— COOca   =    QH^>CO  +  COgCa. 

When  two  different  acids  are  employed,  mixed  ketones,  i.e. 
ketones  containing  different  alcohol  radicles  result,  thus  ; 

CH3— COOca  +  CH3.CH2.  COOca    =    q^  >C0  +  COgCa. 

Calcium  acetate  and  propionate.  MeVh^Ve.V^i'^VVeX^saa* 


From  an  acid  C„  thert;  is  thus  formed  a  ketone  Ci„_„  fiyim 
Ptwo  acids  0^  and  C^  &  ketone   C„+„_i.     When  formate  of 
calcium  is  used,  formic  aldehyde  results. 

3.  From  di-chlorides  containing  the  atomic  group  =CClj : 

(CHg)gCCl2  +  HjO  =   (CHjjjCO  +  2HC1. 
Acetone  chloride.  Acetone. 

One  might  expect  here  that  two  chlorine  atoms  would  he 
exchanged  for  two  hydroxjls,  and  a  compound  of  alcoholic 
character,  a  diatomic  alcohol,  ace  tony  I-gly  col,  (CHj)gC=(OH)g, 
wiiuld  be  formed.  But  the  law,  already  mentioned  undor 
aldehyde,  that  several  Iiydroxyls  cannot  as  a  rule  exist 
beside  one  another  joined  to  the  same  carbon  atom,  is  furtlier 
exemplified  in  this  instance  also.  Derivatives  of  such  a 
glycol  are,  however,  capable  of  existence. 

4.  By  the  action  of  zinc-alkyl  upon  an  acid  chloride,  e.g. 
acetyl  chloride,  CHa.COCli 


CH3.COCI  +  CH^z 


'>C0  +  Clzn.     (zn  =  iZn.) 


An  addition  compound  is  first  formed,  which  must  be 
quickly  decomposed  by  water,  otherwise  tertiary  alcohols  are 
produced.  This  method  of  formation,  which  was  devised  by 
Freund  in  1861,  allows  of  the  preparation  of  any  possible 
ketone  by  using  the  corresponding  zinc-alkyl  and  acid  chloride, 
e.g.: 

CsHt.C0.C1  +  C^^zn    =    C^Hj.CO.CaH;,  +  Clzn. 

Untyrio  chloride.  Bthyl-propj'l  ketone. 

At  the  same  time  it  elucidates,  together  with  method  2,  the 
constitulion  of  the  ketones,  from  the  constitution  of  the  corre- 
sponding acids.  Theoretically,  therefore,  ketones  are  com- 
pounds which  contain  the  carbonyl  group,  CO,  linked  on  both 
sides  with  an  alcohol  radicle,  11 — CO — E.  If  the  alcohol 
radicles  are  the  same,  "simple"  ketones  result,  and  if  different, 
"mixed"  ketones. 

The  ketones  may  also  be  regarded  as  deriTed  from  moiioWic  acida 
by  the  exchange  of  their  hydroxyl  for  nlkyl,  CDrreeponding  witli  modes 
of  fonnatioD  Baud  4,  and  also  from  aldehydee  by  exchange  oi\v^li;og,Kii 
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The  existence  of  ketones  with  less  than  3  atoms  of  carbon  is 
theoretically  impossible. 

6.  From  the  ketonic  acids  or  their  ethers,  e,g.  aceto-acetic 
ether,  CH3 — CO — CHg — CO.OCgHg,  by  warming  with  moder- 
ately dilute  sulphuric  acid  or  with  dilute  alkalies.  This  im- 
portant reaction  will  be  treated  of  at  greater  length  under 
aceto-acetic  ether. 

6.  From  the  hydrocarbons  of  the  acetylene  series  (see  p.  54),  by  the 
action  of  mercuric  salts  and  also  of  dilute  sulphuric  acid. 

Isomers,  The  ketones  show  among  themselves  the  same 
isomerism  as  the  secondary  alcohols.  This  isomerism  depends 
on  the  one  hand  upon  the  isomerism  of  the  alcohol  radicles 
which  are  linked  together  by  the  CO-group,  (diflferent  carbon 
atom  chains),  and  on  the  other  by  the  position  of  the  oxygen 
atom  on  similar  carbon  chains,  (isomerism  of  position) ;  thus, 
C^Hg— CO— CH3  is  isomeric  with  CgH^—CO— CgH^. 

The  aldehydes  containing  an  equal  number  of  carbon  atoms 
in  the  molecule  are  always  isomeric  with  the  ketones,  since 
both  classes  of  compounds  are  formed  from  isomeric  alcohols 
by  the  separation  of  Hg. 

This  kind  of  isomerism  may  also  be  compared  with  metamerism,  e,g* 
with  that  of  methyl-butyl  ether  and  ethyl-propyl  ether. 

Nomenclature.  After  the  name  of  the  alcohol  radicle  the 
syllable  "ketone"  is  appended,  e,g.  di-ethyl  ketone,  (C2H5)2CO, 
and  methyl-ethyl  ketone,  CHg — CO — CgH^.  Acetone  is  con- 
sequently di-methyl  ketone.  The  names  of  the  simple  ketones 
are  also  derived  from  the  acids  which  yield  them,  e.g. 
"  Valerone,"  (C4H9)2CO,  from  valeric  acid. 

Baeyer  (B.  19,  160)  terms  the  ketones  keto-svbstitiUwn  products  of 
the  hydrocarbons,  and  betokens  the  position  of  the  oxygen  similarly  to 
that  of  the  bydroxyl  in  the  oxy-acids  or  of  the  halogen  in  the  substituted 
fatty  acids,  by  marking  the  end  carbon  atom  with  a;,  and  the  following 

ones  in  their  order  with  a,  /3,  /3',  a'.     In  this  way  acetone  is 

termed  keto-propane,  and  ethyl-methyl  ketone  a-keto-butane,  etc. 

Bekaviour,  1,  The  ketones  are  reducible  to  secondary 
alcohols : 


'ONES  ;   Bii:ilAViaiTl{  OF.  ^^H 

Hm&U  qaontity,  {nee 
(pp.  77  nud  144)  curreHpuiiiling  to 

2.  Oxidizing  agents,  e  g.  KjCrgOj  and  dilute  H^SO^  slowly 
convert  the  ketones  into  acids  containing  a  lesser  number  of 
carbon  atoms  in  the  molecule,  (not — aa  in  the  case  of  the 
aldehydes — into  acids  containing  an  equal  number),  the  carbon 
chain  being  broken : 

CHa— CO.CHg  +  Oj    =   CHg.OOOH  +  COj  +  H^O. 

Since  carbon  is  tetravalent,  tbe  CO  ^aup  in  the  ketooi^,  being 
sirtady  linked  to  two  alcohol  radioles,  Ban  only  go  over  into  the  group 
COOH.  which  cbarautarizBB  the  acids  (p.  162),  if  one  of  the  alcohol 
radioles  he  split  off.  Should  the  alcohol  rodiclea  which  are  jnioed  to 
tlie  carbonyl  ha  of  an  unequal  size,  it  is  the  larger  one  which  is  41a  a 
niB  Beparated  by  the  oxidation,  and  then  further  oxidized  by  itself. 
(/■opqfMaw;  aee  B.  15,  1194;  17,  Rcf.  315). 

Since  the  acids  formed  by  oxidation  bear  no  reciprocal  relation  to  the 
ketone,  and  the  oxidation  pi'ocess  is  more  complicated  than  in  tbe  case 
of  tbe  aldehydes,  it  is  easy  to  understand  why  the  ketones  do  not 
poeaeaB  reducing  propertisH. 

3.  Phosphoms  pentachloride,  POI5,  converts  the  kotonee 
into  the  correapoudiog  dichloridea,  acetone,  I'or  iiisitauce,  into 
acetone  chloride,  {CHjjjjCCla. 

4.  Addition-reactions,  (a)  The  ketones  do  not  as  a  rule 
combiue  with  water  and  alcohol,  for  the  reasons  given  under 
the  aldehydes  and  at  p.  139. 

They  form  with  mercaptau  "  mercaptole,"  analogous  to  acetal,  e.g. 
(CH3),C(SC,Hj)j.     (B.  IS,  883.) 

(i)  With  ammonia  there  result  the  (basic)  acetone- amines, 
with  separation  of  watei',  e-g.  di-acetone-amine,  C^Hj^NO,  tri- 
acetono-amine,  CgHijNO,  {Heiiiiz);  this  reaction  is  more 
complicated  than  that  with  the  aldehydes,  two  or  three 
molecules  of  acetone  combining  with  one  molecule  of  ammonia, 
with  elimination  of  water. 

(c)  The  ketones  which  contain  the  group  CIIj^CO — ,  and 
also  some  others,  combine  with  acid  sodium  sulphite  to  crystal- 

l  Ijne   compounds,    e.g.   acetone  to  (CHj)^  C<^gg  ^    +  H^O, 

atciag  TDotber-of-pear}  plates) ;  tiese  go  back  into  ^ 
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for  the  most  part,  when  treated  with  soda  solution.  This 
very  important  reaction  is  made  use  of  in  separating  and 
purifying  the  ketones. 

(d)  With  hydrocyanic  acid  are  formed  the  nitriles  of  higher 
acids,  as  in  the  case  of  the  aldehydes. 

5.  The  ketones,  unlike  the  aldehydes,  do  not  possess  the 
property  of  polymerizing,  hut  they  form  condensation  products. 
Just  as  aldehyde  is  converted  into  crotonic  aldehyde,  so  is 
acetone,  hy  the  action  of  many  reagents — e.g,  CaO,  KOH,  HCl, 
and  H2SO4 — converted  with  elimination  of  water,  into  mesityl 
oxide,  CgHjoO,  phorone,  CgHi^O,  or  mesitylene,  C9H12,  accord- 
ing to  the  conditions,  (see  henzene  derivatives)  : 

2C3H6O   =   CgHioO  +  H2O. 
SCgHeO   =   O9H14O  +  2H2O. 
3CgHgO   =  CqHj2     +  3H2O. 

Analogous  condensations  also  ensue  with  other  ketones  or 
aldehydes  under  the  influence  of  dilute  caustic  soda  or  of 
sodium  ethylate,  (B.  20,  655).  In  this  way  the  more  compli- 
cated ketones  result,  (A.  218,  121). 

6.  Sulphuretted  hydrogen  converts  the  ketones  into  thio-compounds, 
e.g.  acetone  into  thio-acetone,  CHg — CS — CH3,  (B.  16,.  1368). 

7.  Halogens  give  rise  to  substitution  products. 

8.  Like  the  aldehydes,  the  ketones — even  C35 — combine 
with  hydroxylamine  to  oximes,  e.g.  acetoxime.  (V,  Meyer, 
B.  15,  1324,  2778;  16,  823,  1784,  etc.)     Thus : 

(CH8)2CO  +  NHgOH   =   HgO  +  (CH3)2C=N.OH. 

Acetoxime. 

These  are  for  the  most  part  solid,  readily  volatile  compounds 
which  decompose  backwards  upon  heating  with  hydrochloric 
acid.  Their  hydroxyl  is  replaceable  by  alkyls  or  by  acid 
radicles,  the  alkyl  compounds  being  broken  up  by  HCl  into 
the  ketone  and  alkylated  hydroxylamine,  NHg .  OR.  From 
this  reaction  we  arrive  at  the  constitution  of  the  oximes,  i,e, 
the  OH  in  them  is  bound  to  N.  By  the  reduction  of  the  oximes 
primary  amines  are  formed,  as  in  the  case  of  the  aldoximes 
(p.  134). 
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9.  Analogous    reactions    follow    with   the   hydrazines,   e.g. 
pbenyl  hydrazine,  CaH^— KH— NHj.  {E.  Fischer,  B.  17,  572), 
with  the  formation  of  "  hydrazones ; "  (pp.  135  and  3T3). 
(CHs)jC04  HgN— NH— CaH^ 

=    (CH,),C=N— NH— C^H^  +  HaO. 
Acetone-pheiiyl  -hy  druzone. 
Both  reagents  are  therefore  of  great  value  for  the  recog- 
nition of  the  aldehydic  or  ketonic  character  of  a  aubstance. 

10,  Nitrous  acii]  (nttroua  ethtr  and  Budium  etbylate)  given  Hbd  to  Ibo- 
nltrow-letones,  e.g.  iBo-nitroBo-acetone,  CH,— CO-CH=N.OH,  by 
the  Kfiparation  of  H5O  and  tha  replacement  of  Hj  by  the  gronp 
=  N.OH  (oxime).  Theae  are  uonverted  by  reduction  into  Amlda- 
ketonaa,  e.g.  amido-acetone,  011,— CO— CHj.NH„  ungtable  baaiu  com- 
pounds  which  readily  give  up  water  and  change  into  aldiiiee  (p.  491). 
The  oxime  group  in  the  ieo-nitroBO- ketones  aaa  be  replaced  by  an  atom 
of  oxygen,  whereby  ketone-aldehydes  01  di-ketonei  (p.  221)  are  pro- 

Acetone,  C^Ufi.  =  CHg— CO— CH,. 

Acetone  has  been  known  for  a  long  time ;  its  formula  was 
estahllBhed  hy  Lidng  and  Dwnuis  m  1832, 

It  is  preaent  in  very  small  quantity  in  normal  urine,  in  the 
blood,  in  aerum,  etc.,  but  in  much  larger  quantity  in  patho- 
logical cases  such  as  acetonuria  and  diabetes  mcllitus.  It 
is  produced,  among  other  ways,  by  the  distillation  of  sugar, 
gum,  cellulose,  etc,  and  is  therefore  present  in  wood  spirit; 
also  by  acting  upon  allylene,  CgHj,  with  HgCl^  (p,  54).  On 
the  large  scale  it  is  prepared  by  the  dry  distillation  of  acetate 

Properties.      (See   above,    under  general  behaviour   of  the 

ketones.)     Liquid  of  peculiar  ethereal  and  refreshing  odour, 

B,  Pt.  56°,     Soluble  in  water,  and  separated  from  the  aqueous 

solution  on  addition  of  salts.     Miscible  also  irith  alcohol  and 

ihcr.     KMnOj  does  not  oxidize  it  in  the  cold,  but  CrOg  does, 

ith   formation   of  acetic   and    carbonic   acids.      Shows   the 

Idehydic  reaction  with  fuchsine  and  sulphurous  acid. 

'    iKj-nitnao-aoetona,  CH,-CO— CH=N.OH  (B.  18,  3067),  is  focmed 
J  the  actJOD  ofnitroae  acid  upon  atetone. 
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Detection  of  acetone,  e.g,   by  conversion  into  indigo  by  means  of 
o-nitro-benz-aldehyde. 

CUoro-acetone,  metacyl  chloride^  CHg  —CO — CHaCl,  is  a  liquid  which 
produces  a  copious  flow  of  tears.     B.  Pt.  119% 

Per-bromo-acetone,  CBrj— CO— CBrj,  is  also  known.     (See  p.  322.) 

Mesityl  oxide,  CgHjoO,  =  CHj— CO— CH=C(CH8)2,  {Kane,  1838, 
Baeyer)y  is  a  liquid  of  aromatic  odour,  boiling  at  132**. 

Phorone,  C9H14O,  =  CHg— CO— CH=C(CH8)[CH=C(CH8)J,  forms 
yellow  crystals  which  melt  easily.  Both  of  these  compounds  are  ob- 
tained by  saturating  acetone  with  hydrochloric  acid  gas  (A.  180,  1). 

Acetoxlme,  (CH8)aC=:N — OH.  Crystals,  melting  at  60°  and  volatiliz- 
ing  at  135°  without  decomposition,  readily  soluble  in  water^  alcohol 
and  ether. 

Di-ethyl  ketone,  propione,  (C2H5)2CO.    M.  Pt.  104°. 

Di-propyl  ketone,  butyrone,  (C3H7)2CO.    M.  Pt.  144°. 

Pinacoline,  methyl-tertiary-btUyl-ketonef  CH3 — 00 — C^(OH3)3, 
results  from  the  action  of  dilute  sulphuric  acid  upon  pinacone. 
(See  p.  191.) 

Methyl-n-  nonyl  ketone,  OH3 — 00 — OgH^g,  is  the  chief 
constituent  of  oil  of  rue  (from  Ruta  graveolens).  M.  Pt. 
225°.  Ketones  with  11,  12,  13,  14,  15,  16,  17,  18,  and  19 
carbon  atoms  are  also  known ;  further,  Laurone,  OgsH^^O,  from 
calcium  laurate ;  Myristone,  Og^H^^O,  from  calcium  myristate; 
Palmitone,  Og^H^gO,  from  calcium  palmitate;  Steafone, 
C35H7QO,  from  calcium  stearate ;  and,  finally,  the  ketones,  Ogo* 
O22  and  O24,  which  are  obtained  by  distilling  the  normal  hepty- 
late  with  myristate,  palmitate,  or  stearate  of  lime.  All  these 
ketones  have  been  converted  by  Krafft  into  the  corresponding 
paraffins,  by  first  transforming  them  into  the  chlorides, 
CnHguOlg,  by  means  of  POI5,  and  then  heating  the  latter  with 
hydriodic  acid  and  phosphorus.  The  proof  of  the  normal 
character  of  these  various  compounds  is  given  by  the  suc- 
cessive transformation  in  a  descending  scale  of  the  higher 
molecular  acids  0^,  into  acids  O^-i,  (by  distilling  their  barium 
salts  with  barium  acetate  and  oxidizing  the  ketones  0^-.!  so 
produced  to  acids  O^-i),  conversion  of  each  acid  and  each  ketone 
into  the  corresponding  paraffins,  and  comparison  of  these  last. 

\(j<mt%nued  on  page  146. 
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^       COMPARISON  OF  THE  ALDEHYDES  AND  KETONES,                  | 

■           ALDaHTDES,  X.CHO. 

Ketonkb,  x>fO. 

Modes  of  formation. 

.       1.  I)j  the   oiidatioD    of    primary 

1.  By  the  oxidiitiou  of  secondary 

Bloohola,  C  (and  other  Hub- 

alcoholB,  C.  (and  other  com- 

BUnuee). 

pounds). 

S  By  the  reduction  of  aciila,  Cu. 

2.  From  acids  by  diatilbtion  ot 

{Distillation  of  the   Ca  salta 

their  mixed  calcium  salts. 

with  calciom  formate). 

^l  ?romthedi-chlDridcB,X.CHCl,. 

3.  From  di-chlorid™,  X>CCli. 

4,   From  acid  chlorides  and  zinc 

alkyt. 



6.  From  ketonic  acids,  with  separ- 

ation of  COa. 

Properties. 

Properties. 

1.  Eedncibla  to  primary  alcaholB. 

1.   Reducibletosecondaryalcohols. 

2.  Oxidizflble  to  acids,  C.-,;  not 

reduciijg. 

reducing. 

1,  Yield   with   PCI,  di-chlorides, 

3.  Yield   with    PCI,  dichlorides, 

i^OW 

>CCL,. 

^^^K^of  cDinbiniiig  with  [(«) 

4.  Capable  of  combining  with  [(a) 

^■Hvj  (6)  alcohol,  Rcetic  acid 

water;   (i)  alcohol,  both  sel- 

■ihtlkm}];  (fl)   ammoDiai    [d) 

dom],  (c)  ammonia,  toacetone- 

amines    with    separation    of 

oyuiio   acid,    to    oitrilea    of 

higher  MidB. 

hydrooyanio  acid,  to  nitrilcs 

of  higher  ac:ids. 

y  capable  of  polymerization,  often 

5.                       

with  prodnction  of  resin  when 

KOH  is  used. 

6.  Condenaiblc,    e.g.    to   G^^J), 

CjHbO^  and  to  erofconic  aide- 

C„H.A  C^i,. 

hjde. 

7.  Capable  of  aubstitotiou,  e.g.  to 

chbral,  CCI3.CHO. 

chloro-acetone, 

CHj— CO-CHjCI. 

B.  YieldwithH^,thio-BldehydeB. 

8.  Yield  with  H^,  thio-acotones. 

■■  Yield      with      hydroxy  lamiiie, 

9.  Yieia       with      hydroxy  1  amine. 

orimea,  — CH=^N  .  OH. 

oxiuies,  >C=TS  .  OU. 

•ajBoanaaueqaalnui 

nber  of  cttrbou  atotna.                               1 
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We  have,  for  instance,  the  following  relations 


Paraffins. 


••••••••••• 


Ketones. 


C12H24O 


C„H^O 


IS^M^ 


Acids. 

) 
CuHjbO, 


^—BwCjaHg^Og  ^ 


•■>»—•■•• 


.CisHasOs 


If,  for  example,  the  acid  C12H24O2  is  normal,  so  is  the  paraffin  Ci2H2e> 
and  also  the  ketone  CisHggO,  since  the  preparation  of  the  last  depends 
npon  the  exchange  of  the  OH  of  the  acid  for  CH3,  the  new  C  atom  being 
again  an  end  one.  Consequently  the  paraffin  C23H28  is  also  normal  and, 
if  this  be  identical  with  the  paraffin  CuHsg  from  the  acid  C]3H3g02,  the 
latter  mnst  likewise  be  normal.  Since,  farther,  the  acid  C11H22O3  re- 
sults from  the  oxidation  of  the  ketone,  OisHsgO  or  CuHi8 — CO — CHj,  it 
must  be  normal,  and  therefore  also  the  paraffin  Cn'H^.  The  paraffins 
Cu,  Cj^  and  C^  are  thus  to  be  referred  to  one  another  through  the  acid 
C12H24O2,  the  hydrocarbons  Cx3t  C14,  and  C^  through  the  acid  C24,  and  so 
on;  likewise  the  acids  C9,  Oio*  and  C^  through  the  paraffin  C^i,  etc., 
etc.  Now  the  acids  C^^  0^4,  Cig,  and  C^g,  which  occur  in  nature,  yield 
as  a  matter  of  fact  ketones,  paraffins,  and  acids  which — ^from  their  syn- 
theses— are  undoubtedly  derived  from  nonylic  acid  ;  consequently  they 
themselves  and  all  their  derivatives  are  normal.  (Cf.  the  Aldehydes  and 
ketones,  table,  p.  145.) 
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A.  Saturated  Acids,  CJIJJ^-    (See  Table,  p.  147.) 

By  the  oxidation  of  the  primary  alcohols  or  of  their  corre- 
sponding aldehydes  the  monobasic  fatty  acids  are  formed,  the 
saturated  alcohols  yielding  the  saturated  monobasic  fatty 
acids,  or  "  acids  of  the  aliphatic  series "  as  they  are  termed, 
corresponding  to  which,  as  to  the  alcohols,  there  are  unsaturated 
compounds.  These  acids  are  monobasic,  i,e,  contain  in  the 
molecule  only  one  replaceable  atom  of  hydrogen,  because  they 
give  rise  to  only  one  series  of  salts  or  of  ethers.  They  are 
known  as  the  fatty  acids,  on  account  of  many  of  them  being 
either  contained  in  fats  or  resulting  from  these  by  oxidation. 

The  lower  members  of  the  series  are  liquids  of  pungent 
odour  and  corrosive  action  which  boil  Nvithout  decomposition, 
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dissolve  readily  in  water,  and  show  a  strongly  acid  reaction. 

The  middle  members  have  an  unpleasant  smell  like  that  of 

rancid  butter  or  perspiration,  and  are  aily  and  but  slightly 

soluble   in  water.     Mobility,  odour   and  solubility  diminish 

with  increasing  carbon.     The  higher  members,  from  C^q  on,  are 

solid,  like  paraflBn,  and  insoluble  in  water,  and  can  only  be 

distilled  without  decomposition  in  a  vacuum.     Their  acid 

character  no  longer  finds  expression  in  their  reaction,  but  in 

their  capability  of  forming  salts  with  bases.     They  remain 

easily  soluble  in  alcohol  and  especially  in  ether. 

For  the  laws  goveming  the  melting  and  boiling  points,  see  pp.  28  and 
26.  The  Sp.  Gr.  of  the  liquid  acids  is  at  first  >  1,  and  from  C3  onwards 
<  1,  and  it  decreases  continuously  down  to  about  0*8,  the  paraffin 
character  of  the  hydrocarbon  radicle  becoming  preponderant. 

Occurrence,  Many  of  the  acids  of  this  series  are  found  in 
nature  in  the  free  state,  but  more  frequently  as  ethers,  viz.  : — 
(a)  ethers  of  monatomic  alcohols  (see  wax  varieties),  (5)  ethers 
of  glycerine  or  glycerides,  in  most  of  the  vegetable  and  animal 
fats  and  oils*     For  further  particulars  see  p.  161. 

Formation,     1.  By  the  oxidation  of  the  primary  alcohols, 

CnHgn+iOH,  or  their  aldehydes,  C^HanO,  by  means  of  KaCrgOy 

or  MnOg  and  dilute  H2SO4,  or  by  the  oxygen  of  the  air  in 

presence  of  platinum  or  of  nitrogenous  substances,  e,g,  acetic 

acid  from  alcohol. 

1*.  Acids  containing  less  carbon  are  formed  by  the  oxidation  of  many 
other  compounds,  such  as  ketones,  secondary  and  tertiary  alcohols, 
etc. ,  with  separation  of  carbon.  The  higher  molecular  acids  of  this  series 
are  likewise  converted  into  their  lower  homologues  upon  oxidation. 

2.  Several  acids  have  been  prepared  from  the  halogen  com- 
pounds CnHgn-iXg,  which  contain  the  group  — CX3,  e.g, : 

HCCI3  +  4K0H  =  H.CO2K  +  3KC1  +  2H2O. 
From  this  mode  of  preparation  one  might  expect  an  exchange 
of  the  three  chlorine  atoms  for  three  hydroxyls,  with  formation 
of  the  intermediate  compounds  H .  C^(0H)3  or  R — C(0H)3. 
Such  compounds  are  however  incapable  of  existence  for  the 
reasons  stated  under  the  aldehydes  and  ketones,  going  over 
into  acids  with  elimination  of  water,  thus  : 

E— C(0H)3    =   u— eo.OY^^^^. 
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Bui  derivatives  of  these  (whioh  may  iie  rogiLriled  ua  triatuniic 
almhols  and  tertnud  "  ortha-ucide,")  are  known,  en,  ortbo-fornile 
eUy]  etiier,  HCCOCjHs),,,  a.  nontral  liquid  of  aromatic  odour,  insoluble 
in  water,  and  boiling  at  146'. 

3.  From  the  cyanogen  compounds  of  the  alcohol  radicles, 
CuHju^iCN.  The  cyanides,  i.o.  nitriles,  which  are  prepared  by 
warming  the  iodides  of  the  alcohol  radicles  with  cyanide  of 
potassium,  are  converted  into  the  fatty  acids  and  ammonia  by 
saponification,  e.y.  by  heating  with  potaah,  with  dilute  or 
concentrated  hydrochloric  acid,  or  with  sulphuric  acid  diluted 
with  its  own  volume  of  water,  thus  : 

CHa-CN  +  SHp   =  CHaCOaH  +  NH^. 

In  this  way  hydrocyanic  acid  yields  formic  acid  and 
ammonia,  and  it  may  therefore  be  regarded  as  the  nitrile  of 
ihe  former.  Amides  are  formed  aa  intermediate  products, 
(See  pp.  107  and  180.) 

The  great  importance  of  this  reaction,  by  means  of  which 
we  can  obtain  an  acid  C„+,  from  an  alcohol  Co,  has  been 
idready  indicated,  (p.  108).  And  since  the  acids,  albeit  with 
some  difficulty,  can  he  converted  by  reduction  into  the  corre- 
sponding alcohols,  it  is  thus  possible  to  build  up  synthetically, 
step  by  step,  the  alcohols  richer  in  carbon  from  those  poorer 
in  carbon,  a  circumstance  which  is  of  especial  importance 
in  the  case  of  the  normal  alcohols.  {Lieben  and  Bossi,  see 
p.  77.) 

4.  The  acids  may  be  regarded  as  resulting  From  the  parafBns 
C-iH,|„_i|-n  and  CO,,  e.g.  acetic  acid  from  CH.  and  COj,  and  tormio 
acid  from  H,  and  COj.     These  two  compooenta  can  in  fact  be  made  to 

L  combine  indirectly,  thns  carbonic  acid  nnitea  with  potasaium  or  Boilium 
B.lilkyl  upon  wanning,  (  Waiitlyn) : 

CHjNa  +  CO,   =    CH5.C0,Na. 

Pormic  aoid  is  obtained  in  an   analogona  manner    from    naaceut 

rdrngen  and  carbon  dioxide,  under  the  infloonce  of  the  elootrio  dis- 

H, +  C0,   =    H.CO,H; 

m  and  carbon  dioxide,  when  tbe  potassium 
with  laoiat  carbonic  aoid,  \Kotbe  anil  SchmiU, 
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5.  By  passing  carbonic  oxide  over  heated  caustic  alkali  or  alcoholate, 
thus : 

CHgONa  +  CO  =   CHa-COaNa  (at  160*). 
H.ONa  +  CO  =   RCOaNa. 

6.  Acid  chlorides  (p.  176)  are  produced  by  the  action  of 
phosgene,  COClg,  upon  zinc  alkyl : 

COCI2  +  znCHg    =    CH3.COCI  +  znCl; 

Acetyl  chloride. 

and,  on  decomposing  these  with  water,  the  acids  themselves 
are  obtained : 

CH3.CO.CI  +  H2O    =    CH3.CO.OH  +  HCl. 

7.  From  acids  poorer  in  hydrogen  by  direct  or  indirect  addition  of 
the  latter,  e.g.  propionic  acid,  G^jd^y  from  acrylic  acid,  C8H402.«  This 
addition  of  hydrogen  may  be  effected  directly  by  hydriodic  acid  and 
phosphorus,  or  indirectly,  for  instance,  by  addition  of  hydrobromio 
acid  and  backward  substitution.  Unsaturated  acids  also  yield  saturated 
ones  containing  fewer  carbon  atoms  when  fused  with  potash,  e,g,  1  moL 
crotonic  acid,  OJELfi^y  yields  2  mols.  acetic  acid,  C2H4O2. 

8.  From  the  oxy-acids,  also  termed  alcoholic  acids,  by 
heating  them  with  hydriodic  acid  : 

CgHeOe  +  2HI    =    Q^ILfi^  +  I^  +  H^O. 

Lactic  acid.  Propionic  acid. 

9.  From  many  polybasic  acids,  by  the  partial  separation  of 

COo,  thus : 

C2O4H2   =   CO2  +  H.CO2H. 

Oxalic  acid.  Formic  acid. 

10.  Aceto-acetic  ether  syntheses.    The  homologues 

R— CH2— COOH  and  |,>CH— COOH 

can  be  prepared  from  acetic  acid  by  first  converting  the  latter 
into  aceto-acetic  ether,  CH3 — 00 — OH2 — OOO.OgHg,  intro- 
ducing the  alcohol  radicle  into  this,  and  then  breaking  up 
backwards  the  compound  so  obtained  by  concentrated  alcoholic 
potash.  This  reaction  will  be  gone  into  more  fully  under 
aceto-acetic  ether  (p.  226). 

lOa.  An  analogoua  reaction  foUowB  oii  tb.«  uae  of  malonio  ether 
{seep,  234), 


Se.parr^irm.  Natural  Sutt  are  nearly  ;vl1  glyceridea  of  aeveral  ociils,  Bo 
that  a  mixture  of  acids  results  on  tlieir  eapotiilicatian.  ThU  mixture 
may  he  separated  into  its  compoDButa  aa  foUowa : 

(o)  By  fractional  distiHation  in  a  good  vacuum  ;  (6)  by  fractianaJ  pre- 
cipitivtion  of  an  alcoholic  solution  of  the  aciiU  by  means  of  magnesiani 
acetSite,  calcium  chloride,  etc.,  the  acida  richer  in  carbon  being  pre- 
uipitated  Brat;  (<:)hy  fractioaalBolution  :  the  dry  barium  aalte  of  formic, 
acetic,  propionic  and  butyric  acids  arc  very  differently  soluble  in  alcohol, 
the  aolubility  increasing  rapidly  with  increasing  carbon ;  {d)  by  frac- 
tional Eiaturation,  and  distillation  of  the  non-coinbined  acid. 

Behtriour.  1.  Salts.  The  foregoing  acids  being  monobasic, 
they  form  neutral  salts,  e.g.  (C2H302)Na.  But  they  also  yielil 
aciil  salts— the  so-called  super-acid  salts — from  the  existence  of  which 
one  might  feel  inclined  to  doubt  their  monobasic  nature.  These  salts 
are,  however,  only  crystallizable  from  a  strongly  acid  salntioii,  break 
np  on  addition  of  water,  and  also  lose  their  excess  of  acid  upon  heating. 
It  is  tlierefore  pemiiasible  to  regard  tliom  aa  molecular  compounds  of  the 
neutral  salts  with  the  acids,  in  which  the  latter  play  the  rftle  of  water 
of  crystallization.  All  the  other  chemical  characteristics  of  the  acids 
go  to  prove  their  monobosicity. 

2.  Besides  salts,  the  monalmsic  acids,  simple  or  substituted, 
yield  other  derivatives  in  a  manner  exactly  analogous  to  that 
of  the  monatomic  alcohols.  The  typical  hydr<^en  atom  is 
replaceable  by  an  alcohol  radicle  with  formation  of  a  compound 
ether,  or  by  a  second  acid  radicle  with  formation  of  an  an- 
hydride; the  hydroxyl  may  further  be  replaced  by  halogen, 
oapecially  chlorine,  to  an  acid  chloride  or  chloro-anhydride,  by 
SH.  to  a  thio-acid,  by  NH^  to  an  amide,  etc.  (See  Acid 
derivatives,  p.  173.) 

3.  Halogens  act  upon  the  acida  as  auhatJtuents  {see  p.  168). 

4.  Upon  heating  with  soda-lime,  carbonic  acid  is  separated 
iiiJ  a  paraffin  formed,  see  e.g.  methane.     Paraffins  also  result 

from  the  electrolysis  of  the  alkaline  salts  of  the  acids,  (see 

.«thane). 

.  Most  of  the  acids  are  relatively  stable  towards  oxidizing 

lagents,  formic  acid  alone'  being  readily  oxidized  to  carbonic 

acid,  and  being  therefore  a  reducing  agent. 

6.  When  the  lime  aalta  of  the  acids  are  heated  w\th  c%k.\\v.ta 
mate,  they  are  reduced  to  aldehydes,  and  'whenVieBXai.^cK 
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a  lengthened  period  with  hydriodic  acid  and  phosphorus,  to 
paraffins. 

7.  For  their  transformation  into  the  amine  bases,  Cn_i,  see 
p.  182. 

8.  For  the  building  up  of  the  higher  acids,  see  pp.  145  and 
182. 

Constitution.  It  follows  from  their  modes  of  formation, 
especially  3,  4,  and  6,  and  also  from  their  behaviour  (see  3 
above),  that  acetic  acid  and  its  higher  homologues  contain 
alcohol  radicles.  The  conversion  of  the  alcohols  into  acids 
containing  one  atom  of  carbon  more,  by  means  of  the  cyanides, 
is  especially  strong  proof  of  this.  The  latter  contain  the 
alcoholic  radicle  bound  to  the  cyanogen  group  — C=N,  and 
when  they  are  saponified  the  alcohol  radicle  remains  un- 
changed, and  the  trivalent  nitrogen  is  replaced  by  0"  and 
(OH)',  both  of  these  attaching  themselves  to  the  carbon  atom 
of  the  original  cyanogen,  and  so  forming  the  group 

-CO,H   =   -C^H. 

Consequently  all  the  oxygen  in  the  acid  is  bound  to  a  single 
carbon  atom  in  the  form  of  the  group  COgH.  This  group, 
which  is  termed  carboxyl,  is  characteristic  of  the  existence  of 
acid  properties.  The  monobasic  acids  may  therefore  be  re- 
garded as  compounds  of  the  alcohol  radicles  with  carboxyl, 
thus : 

C5n-lH2n-l-C02H      =      CnH2n02. 

Formic  acid  is,  in  this  way,  the  hydrogen  compound  of 
carboxyl,  H.COgH. 

The  acids  are  distinguished  as  primary,  secondary,  or  tertiary,  accord- 
ing as  the  alcohol  radicles  which  they  contain  are  primary,  etc. 

The  monobasic  acids  may  be  regarded  as  being  derived 
from  the  hypothetical  carbonic  acid,  C0(0H)2,  by  exchange  of 
hydroxyl  for  alkyl  or  hydrogen  : 

C0<Q'^7  ^  Butyric  acid ;  CO<qjj  =  Formic  acid. 
They  a,re  also  termed  organic  caxboxyW^i  ^dd&^^sAxDL^Y  ^o 


be  coneidfvred  as  deriTatl  from  the  pitratKas  by  exchmige  of  an 
atflm  of  hydrogen  for  carboxyl.  Thus  acetic  acid  is  motliaiiB- 
carbozylic  acid,  etc 

There  is  no  room  for  doubt  that  it  is  the  hydrogen  atom  of 
thi!  carboxyl  group,  the  so-calied  "typical"  hydrogen  atom, 
which  is  replaced  by  metals  in  the  formation  of  salts,  for  the 
foregoing  acids  are  all  monobasic,  and  consequently  the  number 
of  hydrogen  atoms  present  In  the  alcohol  radicle  is  of  no 
moment  for  the  acid  character.  In  the  di-  and  polybasio 
f  two  or  more  carboxyls  must  therefore 


If  one  compiircB  the  compoBitiun  of  the  primary  bJcoIioIb,  R — CH,.  OH, 
with  that  of  tho  coiTBHponiliiig  acids,  B— CO.OH,  (R  =  alkyl  or  hydro- 
gen), the  latter  are  aeen  to  be  derived  from  the  former  by  the  excbiinge 
of  two  atoms  of  hydrogen  of  the  carbiiiol  for  one  atom  of  oxygon.  The 
character  of  the  origmul  auhBtjuice  is  thus  completely  changed  by  the 
eutianee  of  the  electro-negative  (acidifying)  oxygen. 

It  most  not  be  forgotten  that  the  conetitutiou  of  the  aldohydoa  and 
kelonea,  of  the  primary  and  aeconilary  alcohols,  of  glycol,  ethyltiie, 
ethylene  bromide,  etc.,  are  deduced  from  the  conatitntion  of  the  acJJa. 

The  rational  fonnalae  of  the  foregoing  acids  may  be  written  in 
Firious  waye,  according  to  the  reaction  which  it  is  desired  to  indicate. 
(Cf.  p.  19. 1 

The  group  CgH^O—  or  CHg.CO— ,  acetyl,  which  together 
with  hydroxyl  is  common  to  most  of  the  acetic  acid  deriva- 
tives, and  which  can  be  transferred  like  an  element  to  other 
comjiounds  by  exchange,  is  termed  the  radicle  of  acetic  acid 
(see  \}.  22).  The  radicles  of  the  homologuea  are  similarly 
compounded,  e.ff.  H.CO — ,  formyl;  CjHjO — ,  propionyl; 
C,HjO,  butyryl,  etc. 

The  atdehydea  may  be  looked  upon  as  hydrogen  compounds  of  the  acid 
radicles,  and  the  ketones  as  compounds  of  the  latter  with  alcohol 
radicles,  thus : 

(CH,.CO)H  (CHs.COjCHs 

Aldehyde.  Acetone. 

leomers.      The   acids   of  the    acetic  series  show  the  same 

isomerism  as  the  alcohols  containing  one  atom  of  carbon  less, 

since  they  are  formed  from  these  by  means  of  the  c^Mi\A.e&, 

ThoB  there  exist  one  propionic  acid,  two  butyric  ac\ia,  HOTYft-  , 
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spending  to  the  two  propyl  alcohols,  four  valeric  acids,  coil 
sponding  to  the  four  butyl  alcohols,  and  so  on.  For  CiQHg^i 
211  isomeric  forms  are  possible.  Among  all  such  isomers  tixi 
is  always  only  one  normal  acid. 

On  the  other  hand,  the  number  of  isomeric  acids  with  n  carl 
atoms  is  always  equal  to  that  of  the  isomeric  primary  alcohols  contaiiMl 
ing  the  same  number  of  atoms  of  carbon. 


Formic  Acid,  addvm  formimm,  CHgOg,  {Samud  Fischer  and  I 
John  Rai/y  1670;  Margraf),  occurs  free  in  ants,  especially  j 
Formica  rufa,  in  the  processionary  caterpillar  (Bombyx  pro- 
cessionea),  in  the  bristles  of  the  stinging  nettle,  the  fruit  of 
the  soap  tree  (Sapindus  saponaria),  and  in  tamarinds  and  fir 
cones;  also  in  small  quantity  in  various  organic  liquids,  in 
perspiration,  urine,  and  the  juice  of  flesh. 

Formation.  From  HON,  OHCI3,  CH3OH,  COg,  etc.,  (see 
general  methods  of  formation).  It  also  results  from  the  action 
of  sodium  amalgam  upon  ammonium  carbonate  or  alkaline 
hydrocarbonates,  etc. ;  by  the  dry  distillation  or  oxidation  of 
many  organic  substances,  e.g,  starch,  (Schede) ;  also  by  decom- 
posing them — e.g.  sugar — by  concentrated  sulphuric  acid. 

Preparation.  1.  Carbonic  oxide  is  readily  absorbed  by  sodar 
lime  at  210^  with  formation  of  sodium  formate  (Merz). 

2.  When  oxalic  acid  is  heated,  formic  acid  is  obtained  in 
small  quantity  together  with  carbonic  oxide,  carbonic  acid  and 
water,  and  the  same  eff'ect  is  produced  by  the  direct  action 
of   sunlight    upon    its    aqueous    solution    containing    uranic 

C2H2O4    =    CO2  +   CH2O2. 

This  decomposition  is  best  eflfected  by  heating  oxalic  acid 
with  glycerine  to  lOO^-llO",  (Berthelot,  Lorin\  the  formic  acid 
produced  combining  with  the  glycerine  to  an  ether,  Monofor- 
min,  (see  p.  202) : 

C3H^)3  +  H.OO.OH   =  C3H,<j^^^J^^  +H,0. 

Glycerine,  ^  >,  * 


le  monorormui  is  then  aaponified  either  by  boiling  it  with 
of  water  or  by  the  addition  of  more  oxalic  acid,  through 
water  of  crystallization  of  the  latter.  In  this  case  mono- 
liu  and  carbon  dioxide  axe  again  produced,  the  process 
,ting  itself  time  after  time,  a  very  small  amount  of 
being  thus  sufficient  to  convert  considerable  quantities 
oxalic  into  formic  acid. 

Froperdeg.  Colourless  liquid  which  solidifies  in  the  cold  imd 
slightly  in  the  air.  M.  Pt.  +  9°;  B.  Pt.  SB";  Sp.  Gr. 
Has  a  pungent  acid  and  ant-like  odoUr,  acts  as  a  power- 
il  corrosive,  and  produces  sores  on  the  soft  parts  of  the  akin, 
stronger  than  acetic  acid  and  a  powerl'ul  antiseptic.  De- 
composes completely  into  carbonic  oxide  and  water  when 
heated  with  cone,  sulphuric  acid : 

CHA  =  CO  +  H^O. 
Sails.  PotJiasium-,  HCO^K,  Sodium-,  HCO^Na,  and  Am- 
moninm  formate,  HCO2NH4,  form  deliquescent  crystals.  The 
first  two  go  into  oxalates  when  strongly  heated,  with 
evolution  of  hydrogen  (see  p.  231);  the  ammonium  salt  into 
Formamide  and  water  at  1 80° : 

HC0a.NH4  -  aOO.NHj  +  H,0. 
Tlie  lead  salt,  Pb(HC05}^  forms  glancing,  difficultly  soluble 
needles,  the  copper  salt,  Cu(HC02)3  +  4HjO,  large  blue  mono- 
dinio  crystals,  and  the  silver  salt  colourless  crystals.  The 
Isatmentioned  separates  silver  upon  warming,  consequently  a 
anlution  of  nitrate  of  silver  is  reduced  when  heated  with  formic 

The  eaeily  soluble  mercuric  Bait,  H!g(HCOj)„  gives  up  carboniu  acid 
upon  being  gently  warmed,  and  gues  into  tlie  Bpariiigly  soluble  mer- 
uiruus  salt,  HgjIHCO,);,  wbiob  Beparat<»  in  white  platee;  ou  increasing 
Uie  temperature  further,  this  liecomposee  in  ite  turn  into  carbon  dioxide 
and  metulliu  mercury.  Similarly  an  aqneons  solution  of  mercuric  clilur- 
reduced  by  formic  acid  to  tie  mercurons  gait,  Hg.jCIj. 
Formic  acid  is  thus  a  strong  reducing  agent : 

HCO.OH   -   COj  +  Rj. 
It  iBBoiBpoBee  into  carbonic  acid  and  hydrogen  wlien  heii.bb&  aXone  \A 
W^oFwimbmi^t  Into  contact  with  finely  divided  iVodium. 
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This  power  of  reduction  which  distinguishes  formic  acid  from  all  its 
higher  homologues,  may  be  explained  by  its  close  relationship  to 
carbonic  acid,  and  also  by  the  aldehydic  character  which  one  can  read 
in  its  constitutional  formula,  H — O — CHO. 

Acetic  Acid,  acidum  acetkum,  CgH^Og,  was  known  in  the 
dilute  form,  as  crude  wine  vinegar,  to  the  ancients.  StaM 
prepared  the  concentrated  acid  about  1700.  Glauber  mentions 
wood  vinegar  (1648).  Its  constitution  was  established  by 
Berzelius  in  1814. 

Occurrence.  Salts  of  acetic  acid  are  found  in  various  plant 
juices,  especially  those  of  trees,  and  in  the  perspiration,  milk, 
muscles  and  excrementa  of  animals.  Ethers  of  acetic  acid 
also  occur,  e.g,  triacetin  in  croton  oil,  (see  p.  162,  and  also 
under  glycerine). 

Formation.  (See  p.  148  et  seq.)  Is  the  final  product  of  the 
oxidation  of  a  great  many  compounds,  and  also  of  their  treat- 
ment with  alkalies. 

The  following  synthesis  is  of  historical  interest.  Perchloro-ethylene, 
C2CI4,  which  is  prepared  from  CCI4,  i.e.  from  CI  and  CSg,  yields  with 
chlorine  in  presence  of  water  in  direct  sunlight  tri-chloracetic  acid, 
carbon  trichloride,  CgClg,  being  obviously  formed  as  intermediate 
product,  {Kolbe,  1843) : 

CCI3— CCI3  +  2H2O  =  CCI3— CO2H  +3H01. 

The  latter  acid  is  reduced  to  acetic  by  nascent  hydrogen,  (Melsefis). 

Preparation.  1.  From  Alcohol.  A  dilute  aqueous  solution 
of  alcohol,  containing  up  to  15  p.c,  is  slowly  converted  into 
acetic  acid  on  exposure  to  the  air  and  in  presence  of  nitrogen^ 
ous  substances,  by  the  agency  of  a  micro-organism,  the 
"mother  of  vinegar,"  acetic  ferment,  or  mycoderma  aceti. 
The  acetic  fermentation  is  manifested  in  the  souring  of  beer 
or  wine,  with  the  production  of  beer  or  wine  vinegar. 

Vinegar  is  an  aqueous  solution  of  acetic  acid,  usually  containing  only 
3  to  5  p.c,  but  containing  also  small  quantities  of  alcohol,  of  the  higher 
acids,  e.g.  tartaric  and  succinic,  the  ethyl  ethers  of  the  acids,  albumin- 
ous matters,  etc.  It  is  manufactured  on  the  large  scale  either,  as  in 
France,  by  the  older  method  in  a  series  of  half -full  oaken  casks,  or  by 
the  newer  quick  vinegar  process,  {Schiitzenbach). 

2,  From  Wood,    The  dry  dial\\ia\i\oiioi^viocA^^\^<^S&s5Si\SL- 
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ducted  in  caBt-iron  retorts,  yields  (1)  gases,  e.g.  hydrngen  15 
p.c,  methane  1 1  p.c,  carbon  dioxide  26  p.c.,  carbonic  oxide 
41  p.a,  and  higher  hydrocarbons  7  p.c. ;  (3)  an  aqueous 
solution  known  as  pyroligneoua  acid  which,  in  addition  to 
acetic  acid,  contains  methyl  alcohol,  acetone,  homologues  of 
acetic  acid,  and  strongly  smelling  combustible  productfi,  (em- 
pyreuma) ;  and  (3)  wood  tar,  which  contains  compoundB  of 
the  nature  of  carbolic  acid.  The  pyrofigneous  acid  is  worked 
np  for  acetic  acid  by  converting  it  into  the  sodium  or  calcium 
Silt,  heating  these^the  former  up  to  its  melting  point  and 
the  latter  to  200°— to  get  rid  of  empyreumatic  substances,  and 
then  distilling  with  sulphuric  acid. 

Properties.  Acetic  jwid  is  a  strongly  acid  liquid  of  pungent 
odour,  which  feels  slippery  to  the  touch  and  burns  the  skin,  and 
which  solidifies  in  the  cold  to  large  crystalline  plates  melting 
at  17°;  (Glacial  acetic  add).  B.  Pt.  118°,  Sp.  Gr.  at  15°, 
]'035.  Its  vapour  burns  with  a  blue  flame.  When  mixed 
with  water,  contraction  and  consequent  increase  in  density 
ensue,  the  maximum  point  corresponding  with  the  hydrate 
CH^COjH  +  HjO,  =  OHgC(OH)a,  (ortho-acetic  acid),  which 
contains  77  p.c.  acid  and  has  a  Sp.  Gr.  of  1-075  at  IS-S";  after 
thia  the  specilic  gravity  decreases  with  further  addition  of 
water,  so  that  a  50  i>,c.  acid  has  almost  the  same  density  as 
one  of  100  p.c.  The  amount  of  acid  present  in  a  solution  ia 
dotermined  either  by  its  Sp.  Gr.,  thia  contraction  being  borne 
in  mind,  or  by  titration.  The  vapour  density  near  the  boiling 
point  is  much  higher  than  that  required  by  theory,  but  is 
normal  above  250°.  The  acid  is  hygroscopic,  and  stable 
towards  chromic  acid  and  cold  permanganate  of  potash.  It 
dissolves  phoaphonis,  sulphur  and  many  organic  compounds, 
ia  corrosive,  and  gives  rise  to  painful  wounds  on  tender  parts 
of  the  skin. 
S(Uts.  All  the  neutral  salts  of  acetic  acid  are  soluble  n  wate 
Potassium  acetate,  KC^HjjO,, ;  hygroscopic  olou  le  pi  t« 
Acid  potassium  acetate,  CgH^O^K  +  C2H4O2,  y  tall  z  s  f  o  u 
thi!  concentrated  acid  in  glancing  mother-of-p  a  1  pi  t  a  A 
siJi.  of  tie  compmition  C^H^^K  +  SC^H^O^  is  also  Wo-mh. 
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« 

Sodium  acetate,  NaCgHgOg,  forms  transparent  easily  soluble 
rhombic  prisms,  (terra  foliata  tartari  crystallisabilis). 

Ammonium  acetate,  NH^CgHgOg,  resembles  the  potassium 
salt.  It  is  used  in  medicine  as  a  sudorific,  (Liquor  ammonii 
acetici).  Its  solution  loses  ammonia  on  evaporation,  and  it 
yields  acetamide  when  distilled. 

Ferrous  acetate,  Fe2(C2H302)4,  is  largely  used  in  the  form 
of  "  iron  liquor  '*  as  a  mordant  in  dyeing.  The  normal  ferric- 
salt,  Fe2(C2H302)6,  which  is  employed  for  the  same  purpose, 
is  obtained  when  a  soluble  ferric  salt  is  mixed  with  sodium 
acetate.  Its  solution  is  deep  brown-red  in  colour,  and  deposits 
the  iron  as  basic  salt  when  heated  with  excess  of  water  : 

Ye^G,Rfi),  +  4H,0  =  Fe,  {  jg^>«Q  .  +  4C,H,0j. 

*   \     2     3     2'2 

It  is  used  in  medicine  as  "  liquor  ferri  acetici." 

The  analogous  aluminium  acetate  is  only  known  in  solution, 
and  finds  a  wide  application  as  "  red  liquor  "  mordant  in  calico 
printing  and  dyeing.  Its  use  depends  upon  its  easy  decom- 
posability  by  water,  e.g.  when  exposed  to  the  action  of  steam, 
and  on  the  affinity  of  the  residual  alumina  compound  for  the 
colouring  matter.  It  is  employed  in  small  doses  as  an 
astringent  in  cases  of  diarrhoea,  etc. 

Lead  salts.  (1)  Neutral  lead  acetate  or  sugar  of  lead, 
Pb(C2H302)2  +  SHgO,  is  manufactured  from  sheet  lead  and 
acetic  acid.  It  forms  colourless  glancing  four-sided  prisms, 
which  are  poisonous  and  of  a  nauseous  sweet  taste.  It  com- 
bines with  lead  oxide  to 

(2)  Basic  salts  of  alkaline  reaction,  termed  sub-acetates. 

<QTT 

but  there  also  exist  others,  e,g,  -nlT^  etc. 

Two  molecules  of  acetic  acid  can  combine  with  as  many  as 
five  molecules  of  lead  oxide.     These  basic  acetates  are  used  as 
Goulard's  lotion,  and  on  the  large  scale  for  the  preparation  of 
Jead  white,  etc. 
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Cupric  acefaite,  00(0211305)3  +  2H3O,  dark  green  easily 
imluble  crystals,  also  forms  basic  solta  (Verdigris).  It  yicWa 
'  double  salts  with  cupric  arseniate,  e.g.  Schweinfurth  green. 

Silver  acetate,  AgCjEjOj,  ia  a  well  characterized  salt  of 
acetic  acid  ;  glaacing  needles. 

Detection  0/  acetic  acid.  (1)  Upou  heating  nn  acetate  with  aloohol 
and  aulphnrio  aoid,  the  pleasant  smelliDg  ethyl  acetate  is  formed  :  (2) 
B;  meaiiB  of  the  silver  aalt ;  (3]  By  tbe  oduur  of  cacodyl  produced  upon 
heatm^  the  pottiasiom  or  aodium  aalt  with  Ab:jOj. 

Propionic  acid,  CjHgOj,  =  CHa— CHj— COjH.  (Gotllkb, 
1844.) 

Fmmation.  From  acrylic  and  lactic  acids  (see  p.  150)  j  also 
from  lactate  or  malate  of  calcium  by  suitable  ecliizomycetes 
fermentation,  (Filz). 

Preparation.  By  the  saponification  of  ethyl  cyanide  (pro- 
pionitrile),  (1847).     (See  pp.  149  and  108.) 

Calcium  chloride  separates  it  from  its  aqueoua  solution  in 
the  form  of  an  oil,  whence  its  name  jfpflros,  the  first,  and  irmi', 
fat;  the  first  oily  acid. 

Butyric  acids,  CjHgOy 

(1)  Normal  Butyric  acid,  fermevtalion  butyiic  acid,  pnij'ijl- 
carbmic  acid,  CH^— CHg— CH^— CO^H. 

Oceurrenix.  Free  in  perspiration,  in  the  juice  of  flesh,  in  the 
contents  of  the  great  gut,  and  in  the  solid  excrenienta;  as 
lieiyl  ether  in  the  oil  of  the  fruit  of  Heracleum  giganteum,  as 
octyl  ether  in  Pastinaca  sutiva,  and  to  the  oxtenb  of  2  p.c. 
as  glycerine  ether  in  butter,  (Ckevreul,  1822). 

Formation.  (See  also  general  modes  of  formation.)  Is  pro- 
duced by  the  decay  of  moist  fibrin  and  of  cheese  (being 
therefore  contained  in  Limburg  cheese),  by  a  Schizomycetes 
fermentation  of  glycerine,  and  especially  by  putrefaction  and 
fermentation  in  neutral  liquids,  {Pdauze  and  GHis,  see  below). 
Furthev,  by  the  oxidation  of  albuminates  with  chromic  acid,  of 
fats  with  nitric  acid,  of  conine,  etc.,  and  also  by  the  dry  distil- 
Utiou  of  wood. 

PTrjiivration.  In  the  "butyric  fermentation"  of  sugar  or 
Btarch  by  fiasion  feratents  (Schizomyuetis,  eayeuiaUj  BaeJivja 
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siibtilis),  CaCOg  or  ZnO  being  added  at  the  same  time,  to 
combine  with  the  acid  formed.  Lactic  and  carbonic  acids 
(see  lactic  fermentation)  are  first  produced  here,  and  then 
butyric  acid,  with  evolution  of  hydrogen. 

Properties,  Thick  liquid  of  unpleasant  rancid  odour,  in  pre- 
sence of  ammonia  like  that  of  perspiration,  miscible  with  water, 
and  separating  from  the  aqueous  solution  on  the  addition  of 
salts.  B.  Pt.  163°.  Difficultly  oxidizable.  The  calcium  salt, 
Ca(C4H.^02)2  +  HgO,  forms  glancing  plates,  and  is  characterized 
by  being  more  soluble  in  cold  than  in  hot  water ;  it  therefore 
separates  on  warming  the  concentrated  cold  aqueous  solution. 
On  prolonged  heating  of  the  solution,  however,  it  is  trans- 
formed into  the  Ca  salt  of  iso-butyric  acid.  The  silver  salt, 
Ag(C4H.^02),  crystallizes  in  glancing  plates,  slightly  soluble  in 
water. 

(2)  Iso-butyric  acid,  di-methyl-acetic  acidf  iso-propyl-formic 
acidf  (CH3)2=CH— COgH.  Is  present  in  the  free  state  in  the 
carob  (Redtenbacher),  in  the  root  of  Arnica  montana,  and  as 
ether  in  Pastinaca  sativa  and  Roman  camomile  oil. 

It  is  obtained  from  isopropyl  cyanide  (Erlenmeyer),  by  the 
oxidation  of  isobutyl  alcohol,  by  the  aceto-acetic  ether  syn- 
thesis (p.  150),  etc.  It  is  very  like  fermentation  butyric  acid, 
but  is  more  sparingly  soluble  in  water  (1  in  5),  and  boils  9° 
lower,  ie,  at  154°.  Unlike  the  latter,  however,  it  is  easily 
oxidized  to  acetone  or  acetic  acid,  and  carbonic  acid. 

The  existence  of  isobutyric  acid  was  predicted  by  Kolbe  in  1864  upon 
theoretical  grounds.  The  calcium  salt,  Ca(C4H702)2,  differs  from  its 
isomer  in  being  more  soluble  in  hot  water  than  in  cold. 

Valeric  acid,  CgH^QOa,  exists  in  the  four  different  modifica- 
tions which  are  theoretically  possible  : 

(1)  Normal  Valeric  add,  propyl-acetic  acidy  CHg— (CH2)8 — COgH, 
from  normal  butyl  cyanide,  {Lieben  and  Rossi,  1871).  Is  best  prepared 
from  propyl-malonic  acid.  (See  malonic  acid  synthesis.)  B.  Pt.  185". 
Only  soluble  in  27  parts  of  water. 

(2)  Iso-valeric  acid,  ordinary  valeric  acid,  isoprqpyla^etic  acid, 
isohutyl-foi'mic  acid,    (CHg) 2= OH — CHg — COgH,  results  from 

isobutyl  cjanide.     It  is  found  in  t\ie  ft^^  state,  and  in  the  form 


of  others  in  the  animal  kingdom  ami  in  many  plants,  esiwcially 
(free)  in  the  valerian  root  (Valeriana  officioalis),  and  in  the 
aDgelica  root  (Angelica  arch  angelica),  from  whiuh  it  is  obtained 
by  boiling  with  aoda ;  further,  in  the  blubber  of  the  dolphin 
{Chem-eut,  1817),  in  the  berries  of  Viburnum  opuUia,  in  the 
perspiration  from  the  foot,  etc.  The  natural  acid  is  usually 
mixed  with  the  active  valeric  acid,  and  is  therefore  optically 
active;  the  oxi'lation  of  fermentation  amyl  alcohol  by  chromic 
acid  yields  a  similar  misture.  When  pure  it  is  optically 
inactive.  B.  Pt.  175".  It  has  an  unpleasant  pungent  acid 
odour,  like  that  of  old  cheese,  and  a  corrosive  action.  It  is 
Qsed  in.  medicine.     Forma  a  hydrate  with  water, 

(3)  Methyl-Bthyl-aoetlE  add,  aelim  valeric  acid,  S  g>>CH— COaH, 
(wears  in  nature,  as  already  meatioDed,  and  results  from  the  OKidotion 
of  ihe  active  (— )  amyl  alcohol ;  it  ia  in  this  case  |  + )  optically  active, 
while,  if  pre[jarcd  syDthetiually,  t.g.  by  the  aceto-acetio  ethbr  rttactiuu, 
it  ia  opticftlly  inactive,     (Sea  Tartaric  acid. )     B.  Pt.  175°. 

(4)  Tri-metbyl-acetio  adfl,  pivalic  acid,  (OHa)j=C— COaH,  can  be 
prepared  from  tertiary  butyl  cyanide,  IBvlterow,  1S73}.  M.  Pt.  35°, 
6.  Pt.  164°.    Has  an  odour  lika  that  of  acetic  acid. 

Of  the  HeiyllD  adila,  eight  are  theoretically  posailile,  and  of  these 
seven  are  already  known.  The  most  important  among  theni  is  normal 
Mproic  acid,  CH,— (CH,)j— COjH  {Ghwreul,  IS22),  which  ia  found  in 
Quturo,  e.g.  in  cocao-nut  oil,  Limburg  cheese,  and  as  glycerine  ether  in 
the  butter  made  from  goats'  milt,  and  ia  produced  in  the  butyric  ler- 
mentation  of  sugar,  and  by  the  oxidation  of  albuminous  cumpounds  and 
cf  the  higher  fatty  acids,  etc.  Like  valeric  acid,  it  haa  a  very  un- 
pleasant and  persistent  odour  of  perspiration  and  raucid  butter.  B.  Pt. 
205°. 

The  higher  acids  which  are  found  in  nature  are  all  of 
normal  constitution  (see  p.  Hi),  and  contain  for  the  moat  part 
an  even  number  of  carbon  atoms.  Goats'  butter  contains  the 
acids  C(i,  Cg,  and  0,^,  hence  the  names  Oftproic,  Caprilic,  and 
Caprio  acids,  and  cocoa  nut  oil — in  addition  to  those  three — 
the  acid  C^  This  last,  Laurie  acid, is  contained  more  especially 
in  oil  of  laureia  (Laurus  nobilis) ;  MyriBtie  acid,  C,^,  ia  present 

I  in  oil  of  iris  and  nutmeg  butter  (froro  Myristica  moschata) ; 
Arachidic  acid,  C^,  in  the  oil  of  the  earth  nut  (A.Ya«\i\a  Vi-j'^- 
gaea)/  Sebenic  acid,  Cj^,  in  oi]  of  Ijen  (Morinaa.  o\<i\lftTa>j -, 
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Cerotic  acid,  C^,  forms  in  the  free  state  the  chief  constituent 
of  bees-wax,  and  as  ceryl  ether  that  of  Chinese  wax ;  Theo- 
bromic  acid,  Og^,  is  present  in  cocoa  butter.  Palmitic  acid, 
CjgHggOg,  and  Stearic  acid,  CigHggOg  (pp.  148  and  202),  are 
very  widely  distributed,  being  nearly  always  accompanied  by 
a  third  acid  poorer  in  hydrogen,  viz.  Oleic  acid,  C18H34O2 
(see  p.  166). 

Most  animal  and  vegetable  fats  and  oils,  e,g.  tallow,  suet, 
butter,  palm,  olive  and  seal  oils,  consist  almost  entirely  of  a 
mixture  of  the  glycerine  ethers  of  palmitic,  stearic  and  oleic 
acids,  these  ethers  being  termed  for  the  sake  of  brevity, 
Palmitin,  0,}l,(OC^,U,fi),,  Stearin,  C3H5(OCi8H350)3,  and 
Olein,  03115(001811330)3.  Palmitin  and  stearin  being  solid 
and  olein  liquid,  the  consistence  of  a  fat  or  oil  depends  on  the 
preponderance  or  otherwise  of  the  solid  ethers. 

The  constitution  of  the  fats  was  elucidated  by  Chevreul  in 
1811. 

Most  of  the  varieties  of  wax  are  on  the  contrary  ethers 
of  monatomic  alcohols;  thus  bees'  wax  consists,  besides 
of  free  cerotic  acid,  of  the  melissic  ether  of  palmitic  acid, 
03QHgi(OCigH3iO),  Chinese  wax  (from  Oroton  Sebiferum,  the 
tallow  tree)  of  the  ether  0371155(002711530),  and  spermaceti, 
(Cetaceum,  in  the  skull  of  Physiter  macrocephalus),  of  the 
ether  C^,B.,,{0,C^,IL,fi), 

From  all  these  ethers  the  acids  are  obtained  in  the  form  of 
potassium  salts  by  saponification  with  alcoholic  potash,  thus  : 

C3H,{O.Ci3H3,0)3  +  3KOH  =  3Ci8H3,0,K  +  C3H,(OH)3. 

Stearin.  Potassic  stearate.      Glycerine. 

The  separation  of  the  acids  is  effected  by  fractional  crystallization, 
fractional  precipitation  with  magnesium  acetate,  or  by  fractional  distil- 
lation either  of  the  fats  themselves  or  of  their  ethers  in  a  vacuum.  Oleic 
acid  can  be  separated  from  palmitic  and  stearic  by  taking  advantage  of 
the  solubility  of  its  lead  salt  in  ether. 

The  stearine  candles  of  commerce  consist  of  a  mixture  of 

palmitic  with  excess  of  stearic  acid,  some  paraffin  or  wax  being 

usually  added  to  prevent  them  becoming  crystalline.     The 

manufacture  of  candles  depends  upon  Wi^  «i3t'^om^'c,^\KatL  <^^  \.W 
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golid  fala,  especially  of  bsef  aud  mutton  tallow,  by  means  of 
cater  and  lime  or  of  concentrated  sulphuric  acid. 

Soaps  consist  of  the  alkaline  salts  of  palmitic,  stearic  and 
oleic  acids,  hard  soaps  containing  soda  salts,  chieHy  of  the  solid 
acids,  wliile  soft  soaps  contain  potash  salts,  principally  oleate. 
By  the  addition  of  common  salt  to  a  solution  of  a  potash  soap, 
the  latter  ie  converted  into  a  soda  soap,  which  is  insoluble  in 
a  solution  of  sodium  chloride.  The  potash  soaps  dissolve  to  a 
clear  solution  in  a  little  water,  but  dissociate  with  excess  of 
water  into  free  alkali  and  free  fatty  acid  or  acid  salt,  analogous 
to  super-acetate  of  potaaaium.  Upon  this  the  action  of  soaps 
depends.  The  calcium,  barium  and  magnesium  salts  are 
insoluble  in  water,  but  partly  crystal lizable  from  alcohoL 
The  lead  salts  are  prepared  by  boiling  fats  with  lead  oxide 
and  water,  and  form  the  Go-ualled  plaisters  or  lead  platstors. 

The  hlgber  adds  irlt&  an  aneven  niimtMr  of  carlMQ  atoms,  C[,,  Cjp 
C,g,  uicl  C„.  are  prepaircd  ayiithetically  from  the  aj^icls  cantaliiliig 
one  atum  uF  curbuu  more,  by  traDaforitiiug  thuni  into  tbo  ketones, 
Ct-illa,_i  .  CO  ,  CHa,  and  oxidiphig  thcae,  {iCraJl),  see  p.  144. 

Monnal  nonytlc  aidil,  C,H„0„  t:an  be  got  from  iiormnl  ootyl  sloohol 
liy  the  nitrile  reootioD,  aud  alao  from  many  other  BnbaUinceB,  e.g.  by 
the  oxidation  of  oleic  acid  nnd  oil  of  rue  (p,  144).  It  is  present  in 
Pelargnnium  roseuni,  and  ia  therefoie  also  called  pGlargnnic  acid. 

Uaaecyllc  acia,  L^iH.jjOj,  ia  obtained  by  the  reduction  of  undecyleiiio 
luid,  C,|H^O,,  which  latter  in  prepared  by  the  distillatioo  of  castor  oil 

Palmitic  acid,  Ci^H^jOj,  is  moat  conveniently  prepared  from 
palm  oil,  which  is  a  mixture  of  palmitin  and  oleJn,  also  by 
fusing  oleic  acid  or  cetyl  alcohol  with  potaalL 

Stearic  acid,  Cij^H^^Cj,  ia  got  from  the  so-called  shea-butter 
or  from  mutton  suet. 

Hepta  decyllc  or  Hargarlc  add,  CuH^Oj,  was  formerly  bulievod  to 
be  present  In  fats,  but  this  was  aftemnrds  found  to  be  a  mixture  oF  tbe 
orids  L'„  and  C^,  (see  p.  29).  It  can  bo  preparo<l  Byntbotioally,  e.g. 
from  cetylic  cyanide,  CibHjj.CN. 

CeroUe  a«M,  C^H^O,,  and  the  higher  molecular  acids  in  general, 
resnlt  upon  fusing  the  corresponding  primary  alcohols  with  potash,  i.e. 
fruni  their  oxidation. 

UeUsalc  add  appears  /rum  tbo  laoat  recent  inveat'igatvoiui  \iO  \ib.n(j 
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B.  Unsaturated  Acids,  C^Han-aOa. 


Acrylic  acid,  C3H4O3 
Crotonic  acids,  C4Hg02- 
Angelic  acid,  etc.,  C^'H.fi^ 


(I 
2 


M.  Pt. 


7* 
IT 

45'' 


B.Pt. 


140" 
182" 
172" 
160" 
185" 


PyroterebicacidjCgHioO. 
Hypogaeic  acidyCigHaoO. 
Oleic  acid,         Ojj^^^fi^ 


M.  Pt. 
14° 


These  acids  are  known  as  the  acids  of  the  oleic  series.  In 
their  physical  properties  they  nearly  resemhle  the  saturated 
acids,  apart  from  differences  in  melting  point  which  are  some- 
times considerable ;  and  they  also  behave  as  acids'  in  an 
analogous  manner,  but  differ  characteristically  in  that  they  are 
capable  of  combining  either  with  two  atoms  of  hydrogen, 
when  heated  with  hydriodic  acid,  or  with  two  atoms  of  halogen 
or  one  molecule  halogen  hydride,  to  form  the  saturated  acids 
or  their  substitution  products.  Thus  oleic  acid,  CjgHg^Og, 
when  treated  with  hydriodic  acid  and  phosphorus,  yields  stearic 
acid,    Ci8H36^2>    *^^    ^^^    bromine,    dibromo-stearic    acid, 

In  this  way  they  characterize  themselves  as  derivatives  of  the 
unsaturated  hydrocarbons  of  the  ethylene  series,  from  which  one  may 
imagine  them  to  result  by  the  replacement  of  an  atom  of  hydrogen  by 
carboxyl.     (Olefine-carboxylic  acids.) 

Upon  the  addition  of  halogen  hydride,  the  halogen  does  not  always 
attach  itself  to  that  carbon  atom  to  which  the  least  hydrogen  is  bound. 

Modes  of  formation.  1.  By  oxidation  of  the  corresponding 
alcohols  or  aldehydes,  e,g.  acrylic  acid  from  allyl  alcohol  or 
acrolein. 

2.  From  the  unsaturated  alcohols  or  their  iodides,  by  con- 
verting them  into  the  cyanides  and  saponifying  these,  e.g, 
crotonic  acid  from  allyl  iodide. 

Both  these  methods  of  formation  are  analogous  to  those  of  the  fatty 
acids. 

3.  Prom   the   mono-halogen   substitution  products   of  the 
saturated  fatty  acids,  by  warming  mfti  «i\.Cio\i^\^  ^qW^v^  %Q\aft- 
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limea  upon  simply  heatiiii^  with  water.  This  ia  aiialDguus  to 
[lie  formfttioQ  of  the  olefloes  from  halogen -alkyl. 

4.  From  the  a^iiila  of  the  lactic  series  by  separation  of  watui', 
Ihus: 

CHa(OH)— CH,— COOH   =  '  CH2=CH— CO,H  +  E.fl. 
Ethylene  Uctiu  acid.  Acrylic  acid. 

This  reaction  corresponds  with  the  formation  of  tlie  olefiiiea 
rrom  monatomic  alcohols. 

CfmsUtution  and  Isrniers.  The  constitution  of  the  unsaturated 
acids,  CoHju,^,Ob  ia  given  when  they  are  regarded  as  olefine- 
carbozylic  acids.  As  many  isomeric  acids  as  unsaturated 
dcohols  of  n — i  carbon  atoms  are  therefore  possible.  (See 
mode  of  formation  2,  and  cf.  crotonic  acid.) 

The  position  of  the  double  bond  ia  eatahlished  by  fusing  the 
acids  with  potash  or  soda,  i.e.  by  oxidizing  them.     Oxidation 
occurs  at  the  point  of  the  double  bond,  (cf.  p.  48),  and  leads 
to  the  formation  of  '2  mols.  of  a  monobasic  fatty  acid,  e.g. : 
0H3-CH=CH-CO2H  +  2K0H  +  0   =   2CH,-C02K  +  H,0. 

Other  oxidizing  agents,  such  as  chromic  and  nitric  acids, 
llso  break  them  up  for  the  most  part  in  a  similar  manner,  but 
they  carry  the  oxidation  further. 

By  cantiouB  oxidation,  on  the  other  hand,  e.g.  with  KMnO,  in  the 
oold,  the  elements  of  hydrogen  peroxide  are  eimply  added,  and  thecu 
ire  Eonned  di-oxy-acids  (p.  219)  contatoiiig  an  equal  number  of  coibuD 
itoma,  for  instance,  dioxy- stearic,  Ci8H3,{OHlsOs,  from  oleic  acid. 

Acrylic  acid,  ethylene  -  carboxyUc  add,  C^HjOj,  = 
CH^^CH — COjH,  (Redtefihacher).  Is  prepared  by  the  oxidar 
tion  of  acrolein  by  oxide  of  silver,  or  by  the  distillation  of  ^-iodo- 
propionic  acid  with  oxide  of  lead.  (Of.  mode  of  formation 
3.)  It  is  very  similar  to'  propionic  acid.  M.  Pt.  +  7°,  B.  Pt. 
139°.  1 40°,  Miscible  with  water  and  capable  of  polymerisation. 
It  ia  reduced  to  propionic  acid  when  warmed  with  zinc  and 
anlphuric  acid,  and  is  broken  up,  on  fusion  with  alkali,  into 
acetic  and  formic  acids. 

CntODlc   adds,    C,B,Og.       (1)     Ordinary   or    aolld    orotonio   aold, 
(mg—CB=CE—OOsk,   oceurs  along  with  iBO-crotoiiic  ati.Amoto.4e 
add,  and  u  prepaj-ed  from  allyl  iodide  by  meao*  c*.  *» 
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ayiLniile,  ti'itwithstending  tliat  one  woulil  expect  to  get  iao-crotonic  aioAi 
by  thu  reaction.     Such  aLnonnal  reactiune  are  terinod  molecular  r»- 
arrangemetite,  and  they  are  expliuued'  by  aaaumiag  tliat  aiMition  pm- 
ductB  are  Grat  forniBd,  from  whioh  atomic  groups  are  then  split 
thU  case  HCI : 

CHj=CH-CHa— CN  +  2HaO  =  CK,=CH-CHj-COOH  +  NH,  j 
CH,=CH— CH,-COOH  +  HCI    =    CHj-CHCl-CHj— COOH, 

=    CHj— CH=CH— COjH  +  HCL 
It  is  alaa  easily  prepared  by  heai^ng  oiBlonic  acid  with  para-aldehydo 
and  acetic  anhydride.     It  crystallizes  in  woolly  needles  or  large  prisms, 
M.  Pt.  IT,  B.  Pt.   139^  has  an  odour  like  that  of  butyric  acid,  and 
is  furly  soluble  in  water. 

(2)  Igocrowmo  aoia,  CHj=CH— CHj— COaH,  which  is  present  in 
croton  oil,  is  licjuid,  and  changes  into  ordinary  crotonio  acid  at 
170°-180°. 

(3)  Meth-acryllc  add,  CHj=C<qq\j  ia  found  in  smaU  quantity  *»■; 
Roman  camomile  oil,  and  amellslike  decaying  mushrooms. 

When  fused  with  potash.  (I)  solid  crotonic  acid  yields  two  moleculwl 
of  acetic  acid,  (2)  isocrotonic  acid  yields  the  aams,  by  a  molecnii 
arrangement,  and  (3)  meth-aorylio  acid  yields  propionic  and  formitf 
acids.     For  the  isomeric  relations,  see  K  IS,  2592. 

Ai^Blic  add,  CsHjOa,  =  CjHi.COjH,  is  present  in  the  angelica  root 
and,  together  with  tiglic  acid,  in  Roman  camomile  oil.  M,  It  46°. 
differs  from  valeric  acid,  among  other  points,  by  ita  state  of  aggrega- 
tion. Among  its  isomers  are  TigUo  add,  =  a-methyl-crotonic  acid,* 
CHa— CH=C(CH3)— COaH.  and 

Allyl-aeetio  ac«,  CHa=CH— CHj— CHj— C{ 

Pyro-traeblo  adfl,  CbHiA,  =  (CHa)j=C=CH— CH,— COjH,  resnltij 
from  tha  distillation  of  terebic  acid,  CjHn,0,,  and  Tancryllc  ar" 
CjHijOj,  from  that  of  t«rpenylic  add,  CaHiaO.. 

For  inveatigationa  of  these  unsaturated  acids  and  tbeir  isomerlo 
rdations,  still  in  part  uuexplsined,  see  FiUvj,  A.  las,  42 ;  ISS,  6^ 
128,  Btc, 

Undecylenic  add,  C,]HgaO],  from  castor  oil.     (See  Undecylic  acid. ) 

Oleic  acid,  CjgHjjO^  {Gkevreul),  ia  present  as  olein  in  tha 
fatty  oils  especially,  e.g.  olive,  almond  and  train  oils.  Colour' 
less  oil,  solidifying  to  white  needles  in  the  cold.  M.  Pt.  14°;; 
Cannot  be  volatilized  without  decomposition.  It  is  tasteleaK 
and  odourless,  and  has  no  action  upon  litmus,  hut  quicklj 
becomes  yellow  and  acid  by  oxidation  in  the  air,  and  alsi 
*  For  the  nomenclature  comp&ni  Uw  n&mea  of  the  enhstitutad 
aciils. 
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acijuirea  a  ranciil  odour.  It  yields  on  fusion  with  polasli  the 
saturated  acids  CiflHg^Og  and  C^H^Oj,  and  on  oxidation  with 
nitric  acid  the  acids  from  C^^O^  to  CidH^oOj,  besides  dibasic 

Nitrous  anhydride  converts  it  into  the  isomeric  crystalline 
Elaidic  acid.    M.  Pt.  45°. 

Eruclc  add,  CjjHjjjO^  in  rape  eeed  oil  (Brasaioa  cunipestria). 

Kolated  to  the  above  are  : 

Unoleic  add,  CmH^O,,  which  balonga  to  the  next  aeriBB,  and  whioh 
is  present  aa  glycerine  other  in  the  drying  oila,  e.g.  linaeed,  liemp  and 
nnt  oils ;  also  Rlolivolelc  acid,  CigH^^Oj,  whose  glycerine  ether  forms 
caator  oil.  The  so-called  Hoi  n  oleic -sulphuric  acid,  which  Is  prepared 
hy  treating  cuator  oil  with  sulpliuric  acid,  is  eitonaivoly  nseil  in  the 
Turkey -red  mannfacture. 

0.  Propiolic  Acid  Series,  C^Ha^Oa. 

The  acids  of  this  series  again  contain  two  atoms  of  hyJrogen 
less  than  those  of  the  former,  and  are  to  be  regarded  as  car- 
boxylic  acids  of  the  acetylene  hydrocarbons,  e.g.  propiolic  acid, 
CH^eC — COjH,  as  acetylene-cai'boxylic  acid.  They  can  ac- 
cordingly be  prepared  by  the  addition  of  COj  to  the  sodium 
derivatives  of  the  acetylenes  (analogously  to  mode  of  formation 
i  of  the  saturated  acids,  p.  149). 

They  closely  resemble  the  unsaturated  acida  which  have 
been  already  described,  but  differ  from  them  by  their  cap- 
ability of  combining  first  with  two,  and  finally  with  four 
monovalent  atoms  of  hydrogen  or  halogen,  and  of  yielding  ex- 
plosive compounds  with  ammoniacal  silver  and  copper  solutions. 
There  are,  however,  acids  of  the  formula  C„Ha,_j02  which  do 
not  possess  this  last  peculiarity,  viz.,  those  which  are  derived, 
not  from  the  homologues  of  acetylene  proper,  but  from  their 
isomers,  and  which  therefore  contain  two  double  bonds  instead 
of  a  triple  one. 


The  most  important  member  of  the  series  is  Propiolic  or 
Propargylic  acid,  C^Hp^,  =  CH^C— CO^H,  which  tot;-;?.- 
ipoads  to  propnrgyl  nicohol,  and  is  prepared  b^  "«a.fm!vaa' 
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aqueous  solution  of  the  acid  potassium  salt  of  acetylene-di- 
carboxylic  acid,  the  latter  being  itself  obtained  from  dibromo- 
succinic  acid.  (See  p.  238,  also  fi.  18,  677.)  In  its  physical 
properties  it  is  very  like  propionic  acid,  forms  silky  crystals 
below  6°,  and  boils  at  144°.  It  is  readily  soluble  in  water  and 
alcohol,  and  becomes  brown  in  the  air.  It  gives,  even  in 
dilute  solution,  the  characteristic  explosive  silver  precipitate. 

Tetrolic  add,  C4H4O2,  and 

Sorbic  acid,  CgHgO^,  the  latter  of  which  is  contained  in  the  jaice  of 
the  unripe  sorb  apple  (Sorbus  aucuparia),  have  both  relatively  high 
melting  and  boiling  points.  The  higher  acids  of  the  series  are  for  the 
most  part  distinguished  by  the  termination  '<olic,"  eg.  UndecoUc  add, 
GiiHgoOg,  FalmitoUc  add,  CieHagOs,  Stearolic  add,  C18H32O2,  Behenolic 
add,  C22H40OS ;  they  result  from  the  corresponding  unsaturated  acids, 
CnH2a-202,  by  the  addition  of  Brg  and  separation  of  2HBr, 

Appendix.     A.  Di-acetylene-mono-carbozylic  add, 

CH=C— C=C— CO2H  appears  to  exist.    (B.  18,  681.) 


D.  Halogen  Substitution  Products  of  the  Mono- 
basic Acids. 

The  saturated  monobasic  acids  yield  substitution  products 
when  acted  upon  by  chlorine  or  bromine,  or — better — bromine 
and  phosphorus,  e,g, : 


M.Pt. 

B.  Pt. 

M.Pt. 

B.  Pt. 

CH3  C02H 

Acetic  acid,     •     . 

17' 

118^ 

CHs    CHj    CO2H 
Propionic  acid,  . 

liq. 

140° 

CH2CI— CO2H 
Mono-  chlor-acetic 
acid,  .... 

CHClj— COOH 
Di- chlor-acetic 
acid,  .... 

CCI3    COOH 
Tri-chlor-acetic 
acid,  .... 

62*" 

liq. 

5r 

186*' 

i9r 

195" 

CHg    CHCl    CO2H 
a-chloro-propionic 
acid,   .... 

CHjCl— CHj—COaH 
/3-chloro  -propionic 
acid,  .... 

Di-bromo-pro- 
pionic  acids,  etc. 

\ 

liq. 

186° 
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1       The  acids  poorer  in  hyilrogeii  ako  yield  similar  substitution           1 
products:                                                                                                      1 

M.  Pt 

cH,=ca— co^ 

Acrylio  iLcid, 

r 

CH=C-CO,H 

Propiolio  acid. 

CH,=Ca-CO,H 
i-Chloc-aorylic  ftcid,  .     .     , 

CHa=CH-CO^ 
p-CMor-serylic  acid,  .     .    . 

65= 
84° 

CI=C-CO,,H 
lodo-iiropiolie  acid,  ete. 

very  similar  to  the  mother  substance,  and  exceeding   it  in 
sddity.     Since  their  acid  nature  remains  unaltered,  they  still 
wntain  the  carboxyl  group ;  the  halogen  has  therefore  replaced 
Die  hydrogen  of  the  hydrocarhon  radicle.     They  may  also  be 
looked  upon  as  haloid  substitution  products  of  the  hydro- 
carbons,  in  which  one  atom  of   hydrogen  is  replaced  by 
csrboxyl : 

CHa .  CI,  Chloro-methyl.     CHj,  g}j  jj,  Chlor-acetic  acid. 

The  modes  of  formation  and  properties  of  these  substituted 
acids  also  coincide  with  this  view.     Thus,  while  they  show  a 
perfectly  analogous  behaviour  to  that  of  the  non-substituted 
Mida,  forming  salts,  ethers,  chlorides,  anhydrides  and  amides, 
their    halogen   atoms    are    as    easily  exchangeable,    e.g.    for 
OH,  CN,  or  SO3H,  as  those  of  the  substitution  products  of 
the  hydrocarbons.     (See  p.  170.) 

Itmaers  and  Conslitutum.     While  in  each  case  only  one  mono-, 
di-,  etc.,  haloid  acetic  acid  exists,  two  isomeric  mono-haloid 
propionic    acids   are  known   (see  table).      This   is    readily 
esplicable  from  the  fact  that  in  propionic  acid, 
1                                   CH,-OH,-CO^E, 
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the  two  a-hydrogen  atoms  are  differently  bound  to  the  three 
j8-ones,  the  former  being  attached  to  the  carbon  atom  nearest 
to  the  carboxyl  and  the  latter  to  that  one  farthest  from  it. 
According  to  theory,  therefore,  with  which  the  observed  facta 
agree,  the  following  two  isomers  are  possible : 

CH3— CHX— COgH  and  CHgX— CHg— CO^jH. 

a-Haloid-propionic  acid.  /3-Haloid  propionic  acid. 

These  acids  yield  two  isomeric  lactic  acids  by  exchange  ol 
their  halogen  for  hydroxyl,  thus  : 

CH3— CH(OH)— COgH  and  CH2(0H)— CHg— CO2H. 

>  ^ —  ^  -^  -x^, —  -^ 

Common  lactic  acid.  Ethylenelactic  acid. 

The  constitution  of  both  of  these  lactic  acids  follows  from 
their  other  modes  of  formation,  (see  p.  214,  et  seq.).  The 
position  of  the  halogen  in  the  a-  and  jS-  substituted  propionic 
acids  is  thus  also  fixed. 

Those  substituted  acids  which  contain  the  halogen  bound  to  the  a- 
carbon  atom,  i.e.  to  the  carbon  atom  next  to  the  carboxyl,  are  termed  a- 
acids,  and  the  others  /3,  7,  etc.,  acids,  the  successive  carbon  atoms  ir 
their  order  from  the  carboxyl  group  being  designated  as  a,  /3,  7,  etc. 

We  thus  distinguish,  for  instance,  between  a-,  j8-  and  7-  chloro 
butyric  acids,  aa-,  a/3-  and  ^^-  dibromo-propionic  acids,  etc. 

A  chlorinated  Formic  acid,  CI — COgH,  is  incapable  o 
existence ;  its  derivatives  are  described  as  derivatives  0: 
chloro-carbonic  acid. 

Fcyrmation,     (a)  Of  the  saturated  substituted  acids : 

1.  Chlorine  and  bromine  can  substitute  directly. 

2.  From  oxy-acids  of  the  gly collie  series  by  the  action  of  PCI5,  HBr. 
etc. 

3.  By  the  addition  of  halogen  or  halogen  hydride  to  the  unsaturated 
acids. 

(()  Of  the  unsaturated  substituted  acids  : 

e,g.  From  di-  or  poly-brominated  etc.  acids,  by  the  separation  oi 
HCl,  HBr  or  HI. 

Behaviour.     1.  For  the  replacement  of  chlorine,  bromine; 

and  iodine  by  hydroxyl,  see  p.  169.     This  exchange  takes 

place  with  more   difficulty  in  the  a-mono-chloro-substituted 

acj'ds  than  in   the  corresponding  \>Tommfe  ^\i^  \g^\w^  <!.Q\fiL 
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pounds,  but  more  easily  than  in  tlie  case  of  the  chloro-alkyl 
compoimda,  and  it  is  effected  by  means  of  moiat  oxide  nf 
diver,  or  frequently  by  prolonged  boiling  with  water  alone, 
(A.  200,  75).  In  this  way  monochlor-acotic  yields  glycoUic 
acid; 

CH3CI  CH, .  OH 

I  +H„0  =    I  +HC1. 

COjH  COsH 

p.  Halogen  uuds  on  the  other  hanci  lose  halogeu  hydride  upon  hemg 
boiled  with  water,  and  give  riae  to  uosaturated  acids,  togethor  with 
CO,  and  olefinea  Cb-i.  y-Halogen  acids  hrcab  up  under  tlieae  condi- 
tions (even  with  cold  soda  solution)  into  HC1,  etc.,  and  a  lactone,  i.t, 
«n  anliydride  of  a -y-oxy-acid,  (see  these;  a.!.  Filtig,  A.  20B,  llS). 

I       2.  Upon  heating  irith  cyanide  of  potassium,   cyano-fatty 
I  «cida  are  produced  : 


CH,C1— CO„K  4-  KCN  =  CH, 


!'^CO„K  ' 


KCL 


Potassium  cyano-acetate, 
These  compounds  are  on  the  one  hand  monobasic  acids,  and 
on  the  other  cyanides,  i.e.  nitriles  of  the  acids,  and  they  conse- 
quently yield  dibasic  acids  upon  saponification,  in  the  above 

rase  malonic  acid,  CH^-C^pQ-TT 
3.  They  form  aulphonic  acids  with  sodium  sulphite,  e.g. : 


CH,C1— C02Na  +  Na.S0aNa  =  CHa<; 


-SOgNa  ^ 
■COsNa"" 


NaCI. 


Sodium  aulpho -acetate. 

These  latter  are  compounds  which,  apart  from  the  actd 
character  they  derive  from  the  carbosyl,  are  actual  aulphonic 
acids,  like  ethyl-suIpUonic  acid,  and  aro  thus  dibasic.  Their 
Bulpho-group  can  however  be  replaced  by  OH  on  boiling  with 
ilkalies. 

4.  With  AgNOj,  under  favourable  conditions,  nitro-derivativea  of 
tie  Catty  acids  are  formed,  which  yield  aniido-acids  on  reduot^on,  {p. 


fatty  acids,  e.g.  a-iao-niti 
■Jao  IcuuwD  ;  they  are  Eorinei&  \w|  \!(io 
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action  of  hydroxylamine  on  the  ketonicr  acids,  for  instance,  pyroracemic 
acid,  CH3 — CO— COgH,  and  also  yield  amido- acids  upon  reduction. 

The  compounds  mentioned  under  1  and  3  are  to  be  regarded 
as  derivatives  of  the  alcoholic  acids,  just  as  the  nitro-alkyls, 
alkyl  cyanides,  and  alkyl-sulphonic  acids  are  derivatives  of 
the  alcohols. 


The  chlorinated  acetic  acids  are  formed  by  the  direct  substitution  of 
acetic  acid,  or  better,  of  acetyl  chloride,  chlorinated  acetyl  chlorides 
ensuing  in  the  latter  case  as  intermediate  products. 

Mono-chlor-acetlc  add,  CH2CLCO2H,  is  got  by  chlorinating  acetic 
acid,  preferably  in  the  presence  of  acetic  anhydride.  It  forms  rhombic 
prisms  or  tables  and  corrodes  the  epidermis. 

Di-ctalor-acetlc  add,  CHCI2.CO2H,  is  more  conveniently  obtained  by 
warming  chloral  hydrate  with  potassium  cyanide,  (B.  lO,  2120),  and 

Trl-chlor-acetic  acid,  CCI3.CO2H,  by  oxidizing  chloral  hydrate  with 
nitric  acid.  The  former  decomposes  with  boiling  alkali  to  oxalic  and 
acetic  acids,  and  the  latter  to  chloroform  and  carbon  dioxide.  Back- 
ward substitution  reconverts  tri-,  di-,  and  mono-chlor-acetic  acids  into 
acetic  acid,  {MelaenSj  1842). 

The  Bromo-  and  lodo-acids  are  analogous  to  the  above. 

a-Ctaloro-propionic  add,  CH3 — CHOI — CO2H,  is  obtained  by  the 
action  of  PCI5  upon  lactic  acid,  and  decomposition  of  the  lactyl  chloride, 
CH3— CHOI— COCl,  at  first  formed,  by  water. 

/3-Iodo-proplonic  add,  CHgl — CH2 — CO2H,  is  prepared  by  acting 
upon  glyceric  acid,  CH2(0H) — CH(OH) — CO2H,  with  iodide  of  phos- 
phorus, (exchange  of  20H  for  21  and  of  I  for  H) ;  also  by  acting  on 
acrylic  acid  with  hydriodic  acid.  It  forms  colourless  six-sided  tables 
of  a  peculiar  odour  ;  M.  Pt.  82°. 

Sulpho-acetic  acid,  CH2(S03H)— CO2H.  Deliquescent  prisms  con- 
taining 1^  mols.  HgO  of  crystallization ;  yields  salts  which  crystallize 
well. 

Cyan-acetic  add,  CHglCN) — CO2H,  is  a  crystalline  substance  melting 
at  Gd^-GB"  and  easily  soluble  in  water ;  it  decomposes  into  aceto-nitrile, 
CH3— CN,  and  CO2  upon  heating,  and  yields  malonic  acid  on  saponifi- 
cation. 

The  two  Cyano-propionic   adds,   C2H4(CN) — CO2H,   give  the  two 
succinic  acids  when  saponified. 

/3-Nitro.propionic    acid,   CH2(N02)— CHj— COOH,    forms    glancing^ 
scales,  melting  at  67",  and  easily  soluble  in  water,  alcohol  and  ether. 
Kitro-acetlo  acid,  CHalNOj)— COJB.  ia  oiiY^  Vuowa.  %&  ^^Cs^^Y  ^^^<tt. 
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Swmnary. 


C,H,.OH 

Alcohol 

CjHaO.OH 

Acetic  acid 

C,H,.ONa 

Sodiom  ethylate 

C^,O.ONa 

Sodium  BcetBte 

CH,0.(0^.)    ^ 

C,H,0.0.(C,H,) 

Ethyl  acetate 

c:S>°  1 

Ethyl  ether 

cSo>-> 

Acetic  anhydride 

C,He.Cl 

Ethyl  chloride 

CaHjO.CI 

Acetyl  chloride 

C^„.8H 

Mercaptwi 

CjHjO.SH 

Thiacetio  acid 

<VHrNH, 

Ethykmma 

C^aO.NH, 

These  derivatives  roault  by  methods  of  which  some  are 
perfectly  atialogoiia  to  the  modes  of  formation  of  the  corre- 
BfHtndiog  alcoholic  derivatives,  but  they  differ  chariicteristic- 
idly  from  these  by  being  less  stable  towards  saponifying 
agents. 

A  number  of  other  derivatives,  viz.,  amido-  and  imido- 
chlorides,  thiamides,  imido-thio-com pounds  and  amidines  are 


CHj— CCl,— NHR' 
CH,— ca=ifK 


Amido-chloridcB 

Imido-chloridi 

Xhiunides 


CH,— C(NH)OU      Imido-compounda 
CHj— C(NH)SR      llmido-thio-  „ 
CH,— C(MH)(NHa)  Amidiaea 


n  uudogous  gronp  such  aa  C,Hg— 


*  B  Blgnifie))  tn  alcohol  radicle 
phenyL     (See  aromatic  compounds.) 

These  compounds  are  also  characterized  by  bein^  *;iia\\^ 
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A.  Ethers  of  the  Patty  Acids. 

By  the  replacement  of  the  typical  hydrogen  of  a  fatty  ac 
by  an  alcohol  radicle,  ethers  are  produced  which  are  perfect 
analogous  to  the  ethers  of  the  mineral  acids  in  their  propertic 
and  which  are  also  obtained  by  analogous  methods.  Sin< 
these  correspond  to  the  salts  of  the  acids,  they  are  ofU 
designated  in  a  similar  way,  e.g.  acetic  ethyl  ether  =  "  ethyl 
acetate/' 

Modes  of  formation,  (1)  By  direct  action  of  the  acid  upon  tl 
alcohol : 

C2H5.OH  +  C2H3O.OH  =  C2H5.O.C2H3O  +  H2O. 

' — V -^^ 

Ethylic  acetate. 

Only  a  few  acids  thus  react  with  alcohol  by  itself  to  for 
ethers  in  quantity,  for  reasons  similar  to  those  already  giv( 
for  mineral  acids  at  p.  98. 

In  the  preparation  of  ethers  it  is  therefore  necessary  to  provide  again 
a  re-saponification  of  the  ether  after  it  is  formed,  which  is  done  as  abo 
described  (loc.  cit.).  The  method  of  etherification  by  leading  hydr 
chloric  acid  gas  into  a  mixture  of  acid  and  alcohol  is  especially  app 
cable.  The  ethers  are  also  obtained  directly  from  the  acid  nitriles  1 
passing  hydrochloric  acid  into  their  warm  alcoholic  solution.  Tl 
limit  of  etherification  agrees  with  the  GtUdberg-  Waage  law  of  the  acti< 
of  mass,  {Berthelot,  MenschiUkin. ) 

(2)  By  the  action  of  the  acid  chlorides  upon  the  alcohols  < 
their  sodium  compounds  (cf.  p.  99)  : 

C2H30.C1  +  C2H,.0H  =  C2H3O.O.C2H5  +  HCL 

(3)  By  the  action  of  the  halogen  alkyls  upon  the  salts  < 
the  acids  (cf.  p.  99) : 

C2Hp  +  C2H30.0Na  =  C2H5.0.(C2H30)  +  NaCl. 

Ethers  are  likewise  obtained  by  heating  the  salts  of  fatty  acids  wii 
alkyl  sulphates. 

Properties,     The  ethers  of  the  monobasic  fatty  acids  are  f< 

the  most  part  neutral  liquids  which  volatilize  without  decor 

position,  only  those  of  them  which  contain  a  small  number  < 

carbon  atoms  in  the  molecule  \)emgao\\\\A^&\xi^^\«t^€.^.^ft«t 
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I  ether  (1 :  14).  They  undergo  saponification  upon  heating  or, 
f  more  generally,  superheating  with  water,  or  upon  boiling  with 
I     alkalies  or  oeids. 

I        It  often  Bufficea  for  sapDiiiGcatiaii  simply  to  mix  the  ether  with  oloo- 
'     yiid  potash  or  soda,  or  to  iJlow  it  to  atsjui  for  &  leagtbened  period 
vith  water. 

The  compound  ethers  are  very  active  ehemicaliy,  since  they 
readily  exchange  the  group  ^OC^H^,  i.e.  — ^OR,  for  pother 
group,  yielding  with  ammonia,  for  instance,  amides  (p.  180). 
Phosphorus  pentachloride  decomposes  them  into  the  chloride 
of  the  alcohol  and  that  of  the  acid,  the  oxygen  of  the  hydroxyl 
bein^  exchanged  for  two  atoms  of  chlorine.  Sodium  methylate 
comhinea  with  the  ethers  to  form  unstable  compounds, 
/ONa 
vaHDCH 
\0R' 
p.  149;  also  B.  20,  646.) 

The  odoTir  and  taste  of  many  of  the  ethers  is  so  agreeable 
that  they  are  manufactured  upon  a  large  scale,  and  euiployed 
as  fruit  etheis  or  fruit  essences. 

Ettyl  formate,  formic  rlhyl  tJher,  H.CO.OCaHj.  B.  Pt.  5.1°.  U 
tmplnye'l  in  the  maiiafacture  of  nrtificial  rum  or  arrak. 

Ethyl  aeet&te,  acdie  nher,  C^,O.OC,H„,  B.  Ft.  75°.  Ih  iisaii  inter- 
nally OB  a  medicine. 

imyl  aoBtato,  C,HjO.  OC|,H„.     B.  Pt.  148'.     The  alcoholic  Buiution 
"i  this  forma  the  ether  of  peara. 
Ethyl  batyrato,  L!,H,O.OC,Hb,  is  tha  ether  of  [line  aiijiltB 
iBo-amyl  iBO-Talerate,  CjHjO.OCjHn,  B.  Pt.  198°,  ttnda  a[iplioatioii 
it  uj.ple  oil  or  apple  ether. 

Cetyl  palmitate,  Cj^HjiOjICuHs,).  Caryl  cerotate,  <'jrH6jO.H'^H„}, 
iini  BeUlBslo  palmltato,  Oi,H„0,(Cj^ji).  (Sec  Wax  Varietitis,  p.  162.J 
Wheo  the  ethers  of  the  acida  of  high  molecalar  welfjht  are  distilled 
au<l«r  the  ordinary  preaaure  aad  not  in  a  vacuum,  they  lireak  up  into 
olcliue  and  fatty  acid.     (See  p.  49.) 

Among  the  ethers  of  the  haloid-substitution  acids  may  be 
mentioned  ethyl  monochlor-acctate,  C  1X501—002(03115),  B.  Pt 
U5',au<l  ethyl  trichlor-acetate,  COlg— CO./C^hJ,  B.  Pt.  1G4°. 

Aaw.s^.      AJJ  tiioae    ethers    of    tho    different  moQatomva 
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saturated  alcohols  and  acids  are  isomeric,  the  sums  of  whose 
carbon  atoms  are  equal  to  one  another;  thus  methyl  butyrate 
is  isomeric  not  only  with  ethyl  propionate  but  also  with 
propyl  acetate  and  with  butyl  formate.  Further,  all  ethers 
are  isomeric  with  the  monobasic  acids  which  contain  an  equal 
number  of  carbon  atoms  with  them,  e,g,  the  ethers  just  men- 
tioned are  isomeric  with  valeric  acid.  (See  Metamerism, 
p.  93.) 

Further  cases  of  isomerism  occur  when  the  alcohol  on  the 
one  hand,  or  the  acid  on  the  other,  is  unsaturated,  e.g.  ally] 
propionate  and  propyl  acrylate. 


B.  Chlorides  of  the  Acid  Radicles. 

(Acid  Chlorides,  or  Chloro-anhydrides  of  the  Acids.) 

Among  the  halogen  compounds  of  the  acid  radicles  those  of 
chlorine  are  the  most  important. 

Foi'mation.  (1)  From  the  acid  and  hydrochloric  acid  by 
means  of  phosphoric  anhydride ;  this  method  is  of  theoretical 
value  only : 

CgHgO.OH  +  HCl  =  C2H3O.CI  +  H2O. 

(2)  By  the  action  of  chlorine  upon  the  aldehydes  : 

CH3.CHO  +  CI3  =  CH3.C0a  +  HCL 

(3)  By  the  action  of  the  chlorides  of  phosphorus,  PCI3  and 
PCI5,  upon  the  acids  or  their  salts : 

C4H7O.OH  +  PCI5  =  C^H^O.Cl  +  POCI3  +  HCl. 

The  acid  chloride  is  separated  from  the  POCI3  formed  at  the 
same  time  by  fractional  distillation.  In  the  case  of  acetic  acid 
PCI3  is  conveniently  used,  being  warmed  with  the  free  acid 
upon  the  water-bath : 

3C2H3O.OH  +  PCI3  =  3C2H3O.CI  +  POgHj. 

Phosphorus  oxychloride,  POCI3,  may  also  be  allowed  to  act  upon  the 
alkaline  salts  of  the  acids  ;  when  the  latter  are  present  in  excess,  acid 
anhydrides  are  produced  (p.  17SV 


ACID   CHLORIDES. 

(4)  Several  of  tbe  acid  bromides  reaalt  from  the  bromo-dBrivntiTeB  of 
the  olefioes  by  the  absorption  of  oxygen  from  the  air,  thus  CBrj=Cfl, 
jieldB  CH,Bc— COBr,  bromo-acetyl  bromide. 

(5)  From  Phosgene,  COCl^  aod  ziiic  alkj'l  (eee  p.  150). 
Pi^ertifs.     The  acid  chlorides  are  aufFocating  liquida  which 

fimie  in  the  air,  distil  without  dBcomjwsition,  and  are  recon- 
verted by  water  into  the  corresponding  acitla  and  hydrochloric 
acid,  for  the  most  part  at  the  ordinary  temperature : 
CgHaO.a  +  Hp  =  C^HgO-OH  +  HCl. 

They  react  with  alcohol  and  the  alcoholatea  to  form  ethers, 
with  the  salts  of  the  acids  to  form  anhydrides,  and 
with  ammonia  to  form  amides.  Sodium  amalgam  reduces 
them  to  aldehydes  and  alcohols.  With  zinc  alkyl  they  yield 
ketones  or  tertiary  alcohols,  according  to  the  conditions  of  the 
experiment.     (Cf.  pp.  139  and  77.) 

Ou  treatment  with  silver  oyanide,  tbe  cyanides  of  the  acid  radicles 
are  formed,  e.g.  Acetyl  cyanide,  CH,.CO.CN',  from  acetyl  chloride. 
These  ore  of  great  importance  for  the  syuthesifi  of  tbe  kctDnic  acids, 
being  BBponified  by  concentrated  hydrochloric  acid  in  the  same  way  aa 
tbe  cyanideB  of  tbe  alcohol  cadicles,  with  transformation,  nt  —  CN  into 
— CO. OH;  dilnte  hydrochloric  acid,  on  the  contrary,  decompoBee  tbem 
into  the  original  acid  and  HGN.  When  it  is  attempted  to  isolate  the 
acid  radicle  by  removing  the  halogen,  it  is  foniidtbat  two  radiclcB  nnile 
together  with  formation  of  dovlhle  ketones,  R— CO — CO— R,  compounds 
as  yet  but  slightly  investigated  [see  p.  221). 


Acetyl  chloride,   CH3.COCI.     Mobile  colowrleas-liquid  of 
suffocating  odour.     B.  Pt.  56°;  Sp.  Gr.  at  0°,  1*13.     Decom- 
poses violently  with  water,  with  ebullition,  and  with  strong 
unmonia  with  explosive  rapidity.     Is  a  reagent  of  exceptional 
f  importance,  since  it  serves  for  the  conversion  of  the  alcohols 
r  uid  ammonia  compounds  {primary  and  secondary  amines)  into 
:  acetic   derivatives,    and   thus   frequently  leads   to   the 
Btsplanation  of  the  chemicul  nature  of  the  substance  under 
r  investigation. 

nong  the  hoTnologues  of  acetyl  chloride  wliicli  nre  known  are 
Iftftplooyl  dUoriae,  (J,IJ^CO0J,  Biityryl  cMorldB,  CilL,.COC\,  1*0- 
lyUBiyJ   otaoride,    (\Hs.COCl,    aniJ   Palmltyl   glUoilAe,    Oi^iv'^^^^'^'. 
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likewise  Acetyl  bromide,  GH3.C0Br,  B.  Pt.  81^  and  Acetyl  Iodide, 
GH3.COI,  (from  iodine,  phosphorns  and  acetic  anhydride).  The 
chloride  of  formic  acid,  HCOCl,  is  however  unknown,  since  it 
immediately  breaks  up  into  CO  and  HCl  when  its  preparation  is 
attempted.  As  examples  of  chlorides  of  sabstituted  acids  we  may  take 
Mono-clilor-acetyl  cUoride,  CHsCLCOCl,  B.  Ft.  106^,  and  Lactyl 
chloride,  CH3— CHCl— COCl. 


0.  Acid  Anhydrides. 

Corresponding  to  the  monobasic  fatty  acids  there  are 
anhydrides,  which  are  derived  from  two  molecules  of  the  acid 
with  the  separation  of  a  molecule  of  water,  e,g,  : 

CHo.CO.OH    _    CHo — CO-v.  i-k  ,  TT  n 
CH3.CO.OH    "    CH3— CO-^^  ■*■  ^2^- 

They  may  also  be  considered  as  oxides  of  the  acid  radicles, 
for  instance,  (C2H30)20,  =  Acetyl  oxide. 

Preparation,  1.  They  do  not  as  a  rule  result  from  the  acids 
by  direct  abstraction  of  water,  but,  «.^.,  by  the  action  of  acid 
chlorides  upon  the  alkaline  salts  of  the  acids : 

CgHgOCl  +  CaHgO.ONa  =  ^^gsO^^o  +  NaCL 

I*.  By  the  direct  action  of  phosphorus  oxychloride  upon 
the  alkaline  salts  of  the  acids,  acid  chlorides  being  formed  in 
the  first  instance,  (see  p.  176). 

2.  By  the  action  of  phosgene  on  the  acids,  (B.  17,  1286) : 

2CH3.CO.OH  +  COCI2   =    (CH3— C0)20  +  CO2  +  2HC1. 

2*.  The  anhydrides  of  the  higher  acids  are  conveniently 
prepared  by  treating  these  with  acetyl  chloride,  (B.  10, 
1881) : 

2R.C0.0H  +  CH3.COCI  =  (R.C0)20  +  CH3.COOH  +  HCL 

Properties,     The  most  of  the  acid  anhydrides  are  liquids, 
but  those  of  higher  molecular  weight  solids,  of  neutral  re- 
action and  soluble  in  alcohol  and  ether.     They  are  insoluble  in 
water,  hut  are  gradually  decomposed  by  it  into  acid  hydrates. 
On  warming  with  alcohol,  compouiid  e\j\\et«»  ab^ft^crrcck^^,«vA\s^ 


the  action  of  ammonia,  amidea.     They  yield  with  HCl  g 
chloride  and  free  acid  ; 


^  ANHVDR1DP8;    THIO-ACIDS. 
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Acetic  anhydride,  (CgHgO)20,  ia  b,  mobile  liquid  of  suffocate 
ing  odour,  boiling  at  137°,  and  having  a  Sp.  Gr.  at  20°of  1-073. 
Like  acetyl  chloride  it  is  a  reagent  of  great  importance,  eince 
it  converts  primary  and  secondary  ammonia  derivatives  into 
acetyl  compounds. 

lutermedlBte  or  Hlzed  anli;iliidsB  containing  two  different  acid 
radicles  are  also  known,  (Gerhardl,  WiUianuofi],  e.g.  q^'^q\o.  They 
break  up  into  two  aiitiple  anhydrideB  upon  distillation. 

We  are  likewise  acquainted  with  peroxides  of  the  a^id  rodiclea,  e.g. 
Acetyl  paroiWe,  (C.UjOtjO,,  a  thick  liquid  insoluble  in  water,  which 
acts  as  a  stroag  oxidiziag  agent  and  explodes  npon  wanning ;  it  is  pre- 
pared by  the  action  of  barium  peroxide,  BaO,,  upon  acetic  anhydride. 

D.  Thlo-acids  and  Thio-anhydrides. 

Just  as  in  the  alcohols  and  others,  so  in  the  acids  and  theii 
anhydi'ides  is  oxygen  replaceable  by  sulphur.  There  are  thus 
theoretically  possible:  (1)  Thio-acids,  e.g.  thiacetic  acid, 
CH3.CO.SH,  and  their  isomers,  e.g.  CH3.C8.OH,  {as  yet 
unknown);  (2)  Thio-anhydrides,  e.g.  acetyl  sulphide,  (C^H^O)^ 
(3)  Di-thio-acids,  e.g.  CHaCS.SH,  (as  yet  only  known  in  tht 
aromatic  serira). 


Thiacetic  acid,  C^H^O.SH,  is  a  colourless  liquid  boiling 
below  100°,  which  smells  of  acetic  acid  and  sulphuretted 
hydrogen,  and  readily  decomposes  with  water  into  those  twc 
components.  It  is  prepared  from  acetic  acid  and  phosphorus 
pentasulphide,  P3S5.  The  other  thio-com pounds  are  likewist 
easily  saponifiable,  wifcli  formation  of  acetic  and  \vy4ioa\:i'^W\' 
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Ethers  of  thiacetic  acid  are  also  known,  e.g,  ethyl  thlacetate, 
GH3CO.S.C2H5,  which  is  obtained  from  acetyl  chloride  and  sodium 
mercaptide  ;  they  are  liquids  which  distil  without  decomposition,  and 
are  easily  saponified  back  to  acid  and  mercaptan. 


E.  Amides. 

By  the  replacement  of  the  hydrogen  in  ammonia  by  acid 
radicles  or,  in  other  words,  by  the  replacement  of  the  acid 
hydroxyl  by  amidogen,  etc.,  amides  result,  these  being 
primary,  secondary,  or  tertiary,  according  to  the  number  of 
hydrogen-atoms  substituted : 

NH^CAO         NH(CAO),        N(C^s- 

Acetamide.  Di-acetamide.  Tri-acetamide. 

Of  these  the  primary  amides  are  the  most  important.  They 
are  solid  crystalline  compounds,  at  first  soluble  in  water  but 
becoming  insoluble  with  increasing  carbon,  and  soluble  in 
alcohol  and  ether.  They  distil  without  decomposition,  when 
necessary,  in  a  vacuum.  They  differ  characteristically  from 
the  amines  in  being  easily  saponifiable,  breaking  up  into  their 
components,  acid  and  ammonia,  when  super-heated  with  water 
or  when  boiled  with  alkalies  or  acids. 

Alkylated  amides  are  compounds  derived  from  ammonia  by  the 
replacement  of  its  hydrogen  by  alcoholic  and  acid  radicles  at  the  same 
time,  e.g.  ethyl  acetamide,  C2H30.NH.(C2Hg)  and  di-methyl  aceta- 
mide, (CH3)2N.C2H30.  They  are  to  be  regarded  as  acid,  e.g.,  acetyl- 
derivatives  of  the  nitrogen  bases  of  alcohol  radicles  ;  thus,  ethyl  aceta- 
mide is  the  same  as  acetyl  ethylamine,  C2H5.NH(C2H30). 

Modes  of  formation.  1.  By  the  dry  distillation  of  the 
ammonium  salts  of  the  fatty  acids  or,  better,  by  heating  them 
in  a  closed  vessel  to  230°  {HofmanUf  B.  16,  977),  thus : 

CHsCO.ONH^  =   CHgCO.NHa  +  H2O. 

2.  By  addition  of  water  to  the  cyanides  of  the  alcohol 
radicles   containing   one  atom    of   carbon    less    than    them- 

CHj— CN  +  HjO  =  OB.4— CO.^^,, 


This  assimilation  of  water  ia  fi-aquently  effecleil  by  dissolv- 
ing t!ie  nitrile  in  concentrated  sulphuric  acid,  or  in  scetic  und 
concentrated  sulphuric  acids,  or  by  shaking  with  concentrated 
hydrochloric  acid  in  the  cold ;  also,  and  often  quantitatively, 
by  hydrogen  peroxide,  HjO^. 

3.  By  the  action  of  acid  chlorides  upon  aqueous  ammonia  or 
solid  ammonium  carbonate : 

CHs.C0Cl  +  2NHg  =  CHg.C0NH2  +  NH,Cl. 
I      3*.  In  an  luiiLlogous  manner  from  acid  anhydrides  : 
I  ((^H,0)sO  +  2HHs  =  CjHjO.NH,  +  CsH.,O.ONH,. 

I     4.  By  heating  compound  ethers  with  ammonia,  sometimes 
ereii  on  shaking  in  the  cold  : 

CHs-CO.OCjHs  +  NHg  =  CHj-CONH^  +  C,H,OH. 

5.  The  secondary  and  tertiary  amines  result  upon  heating 
the  acids  or  anhydrides  with  their  nitrites  : 

CHj.CN  +  CHa-COOH    =   {CH3.C0)NH; 
CH<,.CN  +  {GH^.GO)fi   =   (CH3.C0}.,N. 

Behaviour.  1.  The  amides,  although  derivatives  of  ammonia, 
are  hardly  basic,  the  strongly  positive  charaetfir  of  the 
hydrogen  atoms  of  the  ammonia  being  cancelled  by  the 
entrance  of  the  negative  acid  radicle.  Still  the  primary 
amides  are  capable  of  forming  addition-compounds  with  some 
acids,  e.g.  acetamide  yields  the  compound  (CjHgO.NHgj^HCli 
"  acetamide  hydrochloride  "  ;  these  are  however  unstable,  and 
are  decomposed  for  the  most  part  by  water  alone.  On  the 
other  hand  the  hydrogen  of  the  amido-group  can  be  replaced 
by  particular  metals,  especially  mercury,  the  amides  therefore 
playing  the  rfile  of  weak  acids  in  the  compounds  so  obtained 
e.g.  mercury  acetamide,  (CH3.00NH)2Hg. 

2.  The  amides  are  readily  saponifiable.  When  tliey  also 
contain  alcoholic  radicles,  only  the  acid  and  not  the  alcohol 
radicle  is  separated  on  saponification,  in  accordance  with  the 
fact  that  the  amine  bases  are  not  saponifiahle,  tJuis : 
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3.  Nitrous  acid  converts  the  primary  amides  into  the  corre- 
sponding acids,  with  liberation  of  nitrogen  : 

C2H3O.NH2  +  NOgH   =   C2H3O.OH  +  N2  +  H2O. 

This  reaction  is  a  general  one,  and  corresponds  exactly  with 
the  action  of  nitrous  acid  upon  the  primary  amines. 

4.  Upon  heating  the  primary  amides  with  phosphorus 
pentoxide,  P2^5»  ^it^riles  are  produced  (see  p.  107).  These 
are  also  obtained  upon  heating  with  P2S5,  and  PCI5,  amido- 
chlorides  or  thiamides  being  in  this  case  formed  as  inter- 
mediate products,  (see  pp.  107  and  184). 

5.  If  bromine  in  the  presence  of  alkali  is  allowed  to  act 
upon  primary  amides,  there  ensue  in  the  first  instance 
amides  whose  NHg-hydrogen  is  replaced  by  halogen,  e.g, 
CH3.CO.NHBr,  aceto-bromamide,  (colourless  rectangular 
plates),  and  CH3.CO.NBr2 : 

CH3— CO.NH2  +  Brg   =   CH3— CO.NHBr  +  HBr,  etc. 
These  yield  peculiar  urea  derivatives  with  more  amide 

and   alkali,   e,g,   methyl-acetyl-urea,  CO  \  ^v^qts      ^  which 

are  split  up  by  further  addition  of  alkali  in  the  normal  manner, 
with  formation  of  amines — in  this  case  CH3.NH2—  containing 
one  atom  of  carbon  less  than  the  original  product.  (See  urea.) 
This  is  an  excellent  method  for  preparing  the  amines  from  C^ 
to  Cg,  but  less  desirable  for  those  from  Cg  onwards,  as  in  the 
case  of  the  higher  molecular  compounds  the  production  of  amine 
diminishes,  a  nitrile  being  formed  instead  by  the  further 
action  of  the  bromine,  (see  below).  Such  nitriles  Cii,  in  which 
.71  >  5,  can  therefore  be  obtained  directly  from  the  amine  by 
the  action  of  bromine  and  alkali  upon  it,  thus  : 

C.H15— CH2.NH2  +  2Br2  =   C.H,,— CH2.NBr2  +  2HBr 

=   C7H15.CN  +  4HBr. 

(Reversal  of  the  Mendius  reaction,  p.  113 ;  cf.  Hofmanny  B.  16, 
407,  752;  17,  1407,  1920;  18,  2737). 

Since  these  nitriles  go  on  saponification  into  acids  containing 

one  atom  of  carbon  less  than  the  amide  originally  taken,  this 

reaction  renders  it  possible  to  desceuA.  Va  V^i^  5^^T\<^%?Q.^<QAs&iyelY 


AMIDO-   AND   IMrDO-CllLORlIIE,1i. 


■fcom  one  acid  to  anotJier,  (p.  145).  This  has  heen  clone  in  the 
case  of  the  normal  acids  from  C,^  to  C^,  and  constituleB  a 
farther  proof  of  their  normal  constitution. 


Formamide,  HCO.NHj,  is  a  liquid  readily  Boluble  in  water 
land  alcohol,  which  boils  with  partial  decomposition  at  about 
'  ",  and  breaks  up  into  CO  and  NH3  when  quickly  heated. 
It  yields  hydrocyanic  acid  when  heated  with  PjjOj. 

Acetamide,  CjHjO.NH^.  Long  needles,  readUy  soluble  in 
water  and  alcohol.     M.  Pt.  82°,  B.  Pt.  222°, 

The  high  boiling  points  of  the  amides  tire  vorthy  of  notice  1  they 
atand  in  Btriking  contrast  to  the  tow  boiling  points  of  the  amines  con- 
taining an  equal  amount  of  carbon. 

Among  the  amides  of  haloid -subatitution  acids  may  be  mentioned  1 

Mono-oWor-awtamWe,  CHsCl— CO.NH5,  M.  Pt,  116°,  B.  Pt.  225°. 

Tri-chlor-aoetamlde,  C'Clj— CO.NHj,  M.  Pt.  136°,  B.  Pt.  239°. 

For  Isomers  of  Uie  Amides,  see  p.  1S5. 


P.  Amido-chloridea  and  Imido-cMoridee. 

By  the  action  of  I'Clj  npcu  the  primary  amides,  an  exchange 
of  Clj  for  0  taies  place,  giving  rise  in  the  first  instance 
the  so-called  amido-chloridea,  e.g.  acet-amido  chloride, 
CHj— CCl2,NH5;  these  are  extremely  easily  decomposable 
jjompounds,  being  reconverted  by  water  into  amide  and  hydro- 
.chloric  acid,  and  readily  giving  up  HCl,  with  formation  of 

lido -chlorides,  e.g.  CHg — CCl  :  NH,  acet-imido  chloride. 
The  imido-chlorides  also  decompose  easily  as  a  rule,  likewise 
yielding  with  water  the  amide  and  hydrochloric  acid.  When 
heated,  tliey  break  up  into  nitrile  and  hydrochloric  acid. 

The  alkylated  amides  (p.  ISO)  also  yield  ami  da-chlorides,  e.g. 
CH^CO.HH.CjH,  gives  CHs,CCl3.NH.CjHj,  ethjl  aoet-amido  chloride, 
■nd  CH,— CO.NEj  gives  CH,— CClj.NRa;  it  these  still  contain 
-Hnido-hifdragen,  they  likewise  go  readily  into  imido-chlorides,  e.g. 
^CHj.CC1=N.C^„  ethyl  acet-imido  chloride. 

The  chlorine  in  these  compounds  is  very  active,  chemically  j 
'fi,  can  be  exchanged  for  sulphar  or  for  an  atnmomi  l^miiiifif^ 
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residue  by  the  action  of  sulphuretted  hydrogen,  ammonia,  or 
amine,  with  the  formation  of  thiamides  and  amidines,  thus  : 

CH3.CCI2.NHR  +  HgS  =   CH3.CS.NHR  +  2HCL 
CH3.CCI :  NR  +  NHg     =   CH3.C(NH2) :  NR,  etc. 

Most  of  the  amido-  and  imido-chlorides  known,  (O.  Wallachf  1875), 
contain  aromatic  radicles,  e.g,  C^H^,  phenyl,  and  the  same  remark  also 
applies  to  the  following  classes  of  compounds. 


G.  Thiamides  and  Imido-thio-ethers. 

Thiamides  are  compounds  derived  from  the  amides  by  the 
exchange  of  oxygen  for  sulphur,  e,g.  CH3.CS.NH2,  aceto- 
thiamide  or  thiacetamide,  CHg.CS.NHCgHg,  thiacetanilide. 
They  are  mostly  crystalline  compounds,  and  result  from  the 
addition  of  HgS  to  the  nitriles,  (Cahours)^  e,g. : 

CH3.CN  +  HgS  =  CH3.CS.NH2; 

by  treating  acid  amides  with  P2S5;  from  the  amido-  etc. 
chlorides,  as  given  above ;  and  by  the  action  of  H2S  or  CS2 
upon  the  amidines.  Both  simple  and  alkylated  thiamides  are 
known. 

The  thiamides,  R — CS.NH2,  break  up  upon  heating  into 
nitrile  and  sulphuretted  hydrogen,  (see  p.  107).  They  are  all 
easily  saponified  by  alkalies,  etc.,  with  formation  of  the  corre- 
sponding acid,  ammonia  (amine)  and  HgS,  thus : 

R— CS.NHR  +  2H2O   =   R— CO.OH  +  H2S  +  NHg-R. 

They  are  rather  more  acid  in  character  than  the  amides,  and 
thus  many  of  them  are  soluble  in  alkali  and  yield  metallic 
derivatives. 

The  alkylated  thiamides  of  formic  acid  also  result  from  the 
addition  of  hydrogen  sulphide  to  the  iso-nitriles : 

CN.R  +  H2S  =  H— CS.NHR. 

From  the  compound  CH3 — C^^^rjij  isomeric  with  thiacetamide,  and 

which  one  might  term  acetimido-thio-hydrate,  or  iso-thiacetamide,  but 

which  18  not  known  in  the  free  state,  there  are  derived  a  number 

'f  compounda,    the    /mido-thio-etherB^   \>y    ^e  T€^'aA«msii\k  ^  t,\vQ 
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tulphyilril,  anil  also  of  the  imido-,  hydrogen  by  an  alcuhol  radicle,  e.g. 
acetimido-thio-etbyl,  CHa— C!^g*^' ;  methyl  Uo-thio-ucetauilide, 
CH,— C^*^^  ,  They  are  deootopoaed  by  hydrochloric  acid  into 
ethera  of  thiacotic  acid,  thus  : 

CHj— C(NH).S.CH3  +  HjO  =  CH,— CO.SCHj  +  NH,. 
These  imido-tbio-etberB  are  prapared  by  the  action  of  mercapt^LiiK 
upon  nitrilea  in  presence  of  hydrocbloiic  acid  gas  {Pinner),  and  by  the 
action  of  alkyl  iodides  upon  thiamiiiea  (  WtUUtnh,  BerTtihsen) ; 

R.C<|g   +  C,H,I  =  R-C.^^^'  +  HL 

!mido-ellwr».  B— C<q^,   wbich  are  tha  oxyge  mp        d  e- 

aponding  to  the  above  imido- thio-etbera,  and  whi  h         is  w  th 

the  amidea,  are  alao  known,  (Pinner).  They  a  1  n  d  from  the 
imido-bydrjitea  of  the  ticida,  e.g.  from  acetimii^o  hy  \  ate  CH  — '''^-jiii' 
hypothetical  componnda  nnknown  in  the  free  Btat  ,  wb  h  re  u  m  rio 
with  the  simple  amides.  The  iinido-ethera  result  from  the  combination 
of  a  nitrile  with  on  alcohol  uoder  the  influence  of  hydrochloric  acid 
gas  ;  some  of  tbcm  are  liquids  which  boil  without  decompoeition,  but 
otbera  are  only  known  in  the  form  of  salts. 


Amidiiiea  or  amtmidea  arts  compounds  derived  from  the 
amides,  R— CO.NH;;,  R.CO.NHli',  and  K— CO.NEV  by  the 
exchange  of  oxygen  for  the  imido-reaidue  NH  or  (NK)'  : 

OH,-C<™  CH.-0<™.^^[,^ 

Acetaniidine,  (ethenyl  amidine).     Ethtinyl-diphcnyl  amidioe. 
The  amidines  are  well  characterized  and  partly  crystalline 
bases  which  often  form  stable  salts.    They  differ  however  IVum 
the  amines  in  that  they  are  easily  saponified,  a  property  which 
is  common  to  all  acid  derivatives. 

Fiynnalion.  (1)  By  heating  the  amidea  with  aminca  in 
presence  of  PCIb  {Bofmann) : 

B^CaNSB-  +  NBiR'  =  It-C(NE')(NHU')  +  \i.p. 
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(2)  By  treating  the  irnido-chlorides,  thiamides  and  iso-thi- 
amides  with  ammonia  or  with  primary  or  secondary  amines 
{Wallachy  Bemthsen),  thus: 

R— CS.NHg  +  NHgR'   =  R— C(NH)(NHR')  +  HgS ; 
R— C(NH)(SR)  +  NH3  =  R— C(NH)(NH2)  +  RSH. 

(3)  By  heating  the  nitriles  with  amine  hydrochlorate ;  this 
method  is  a  particularly  easy  one  when  aromatic  amines  are 
used,  but  not  in  the  case  of  chloride  of  ammonium  (Bemthsen) : 

CH3— CN  +  NH2.R  =  CH3— C(NH)(NHR). 

(4)  By  the  action  of  amine  bases  or  ammonia  upon  imido-ethers. 

Behaviour,  (1)  They  decompose  into  ammonia  or  amine  and 
acid  upon  boiling  with  acids  or  alkalies  (see  above),  and  into 
ammonia  and  amide  upon  boiling  with  water. 

(2)  In  the  dry  state  they  easily  break  up  on  heating  into 
ammonia  or  amine  and  acid  nitrile,  so  long  as  the  imido-hydro- 
gen  atom  has  not  been  replaced  by  alcoholic  radicle. 

(3)  Upon  heating  with  hydrogen  sulphide,  thiamides  are 
formed. 

In  this  reaction  combination   between    the    two  reagents  at  first 
occurs,  thus : 

^"^NH.R  +  ^^  =  ^~^NH.R' 

the  resulting  addition  product  then  breaking  up  in  two  directions,  viz. 
(a)  into  R— CS.NH2  +  NH2R,  and  (6)  into  R— CS.NHR  +  NH3. 
Similar  intermediate  addition  compounds  must  be  assumed  in  corre- 
sponding reactions,  e.g.  in  the  conversion  of  imido-chlorides  into 
amides. 

(4)  Upon  being  heated  with  CSg,  the  amidines  also  yield  thiamides, 
sulphocyanic  acid  or  an  iao-thiocyanate  being  formed  at  the  same  time. 

Most  of  the  thiamides  which  have  been  prepared  belong  to  the  aro- 
matic group.     (See  A.  184,  129 ;  192,  I ;  B.  12,  1061.) 


Amidoximea 

As  amidoximes  are  designated  compounds  which  result  on  the  addi- 
t/on  0/ hjrdroxyl&mine  to  nitriles,  and  w\Ao\i»  ^Tom\.\i\&TSiodft  of  formation 
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a[ipcar  to  be  amidincB  in  which  a 
rptaceil  by  hydroxy]  : 


natanCB,    iBuret,    H— C<i;.' 


termed  niethenyl  aioWoxiinB,  isomeric  with  ureri,  which  results  fro 
hytlrocyanio  iLcid  und  hydroxylamiue ;  also  Btbenyl  anldoxltii 
CH,— C(N.0H)(NH5),  Those  compoandfl  ace  decompoaed  hy  aapoi 
tying  agents  in  a,  Bimilar  way  to  tho  amidines.  Related  to  them  a 
eubatancea  of  the  cooatitutiou  R — 
e.ff.  ethyl.benz-hydroxamio  acid,  E— C<J5^-^"".  (R=C5Hj.)  (C 
TieTOann,  B.  17,  129,  1685 ;  Loitaen,  B.  17,  1587. ) 

The  hydroxamit  aciila  show  interesting  cosea  of  ii 
A.  isi,  347  ;  I7fi,  271 ;  iB6,  1.) 
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A  Diatomic  Alcohols  or  Grlycols. 

C,H^+,0^  =  C„H,„(OHV 

The  diatomic  alcohols  differ  from  the  mouatomic  in  t\ 
same  way  as  the  di-acid  bases  do  from  the  mono-acid.  Jui 
as  the  di-acid  bases  react  with  a  monobasic  acid  to  fori 
neutral  and  basic  salts,  while  a  mono-acid  base  can  only  yiel 
a  neutral  salt,  so  do  tho  diatomic  alcohols  give  with  monobas. 
acids  two  aeries  of  ethers,  and  with  ammonia  two  kinds  i 
amines,  etc.  Of  these  compounds  the  members  of  the  or 
class  correspond  to  the  neutral  salts,  and  possess  in  full  degr( 
the  character  of  ethers,  amines,  etc.,  while  the  members  of  th 
other  retain  their  alcoholic  character  and  correspond  in  con 
position  with  the  basic  salts  (which  still  retain  their  bas 
nature),  thus : 

^M™       p^{8i"        ^Mcl 


Lead  hydroxide.      Bbbio  lead  ohloride.       Keut»\\e»& 


^ 
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C2H4  {  OH 

* . ' 

Glycol 


C2H4  I  Qi 


C.H,{ 


01 
CI 


Glycol  chlorhydrin.        Glycol  diohlorhydrin. 


pxx  fOH 
^2"*  \  0.CM.0 


^^H*  \  0.C 


aCgHgO 
2H3O 


Glycollio  acetate.  Glycollic  di-acetate. 


^2^4  {  NH, 


^  A I  NH 


Hydroxy-ethylamine.         Ethylene  diamine. 

The  above  compounds  are  therefore  alcohols  similar  to  the  monatomic, 
and,  like  these,  they  give  rise  to  every  class  of  alcoholic  derivative. 
But  when,  for  example,  the  formation  of  an  ether  such  as  glycollic 
acetate  has  taken  place,  this  still  behaves  as  a  monatomic  alcohol^ 
yielding,  e.g.  with  a  second  molecule  of  acid,  a  n^w  ether. 

It  is  not  necessary  that  both  the  groups  which  replace  the 
hydrogen  or  hydroxyl  should  be  of  the  same  nature ;  thus  we 

know  a  mixed  derivative  of  the  composition  CgH^^cC^Q^, 

which  possesses  at  one  and  the  same  time  the  character  of  an 
amine  and  of  a  sulphonic  acid. 

The  glycols  are  mostly  thick  liquids  of  sweetish  taste,  being 
only  occasionally  solid  crystalline  compounds,  easily  soluble 
in  water  and  alcohol,  but  difficultly  soluble  in  ether.  Their 
boiling  points  are  much  higher  than  those  of  the  corresponding 
monatomic  alcohols,  just  as  these  latter  possess  considerably 
higher  boiling  points  than  the  hydrocarbons  from  which  they 
are  derived. 

Constitution.  Just  as  the  monatomic  alcohols  are  character- 
ized by  the  presence  of  a  hydroxyl  group  linked  to  a  hydro- 
carbon radicle,  so  in  the  diatomic  alcohols  two  such  hydroxyls 
must  be  assumed;  and,  as  we  look  upon  the  monatomic 
alcohols  as  oxy-hydrocarbons,  so  we  may  regard  the  diatomic 
alcohols  as  di-oxy-hydrocarbons,  i.e.  as  being  derived  from  the 
hydrocarbons  by  a  double  replacement  of  H  by  OH. 

Glycols  which  would  contain  two  hydroxyls  linked  to  the 
same  carbon  atom  are  incapable  of  eio&XAiiQ^)  wcA  «x^  oiily 
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known  in  derivatives  (see  pp.  131  and  139).  All  glycola  con- 
tain their  hydrosjls  attached  to  two  different  carbon  atoms. 
Glycol  has  thus  the  constitution  CH^(OH)— GH3(0H),  which 
can  he  proved  directly  by  transforming  it,  hy  means  of  hydro- 
chloric acid,  into  glycol  chlorhydrin,  CHjCl — CHj.OH,  and 
oxidizing  the  latter  to  mono-chloracetic  acid,  CHgCI — CO.OH. 
In  this  last  compound  the  chlorine  and  hydroxyl  are  bound  to 
different  carbon  atoms,  and  consequently  the  same  applies  to 
glycol  chlorhydrin  and  to  glycol.     (Cf.  p.  67.) 

The  monatomic  alcohols  are  distinguished  as  primary, 
secondary,  and  tertiary.  The  glycols  may  in  the  same  way 
be  characterized  as  di-primary  when  they  contain  the  group 
CHyOH  twice,  as  in  glycol ;  as  primary-secondary  when  they 
contain  the  group  CHg.OH  together  with  the  group  CH.OH,  as 
in  propylene  glycol,  CHg— CH(OH)— CH^OH ;  fiirther  as  di- 
secondary,  primary-tertiary,  second ary-tertiary,  and  di-tortiary. 
In  all  these  cases  the  behaviour  of  the  compound  upon  oxida- 
tion yields  an  explanation  of  its  nature.  (For  particulars, 
see  p.  205.) 

Moiles  of  farmatvm.  1.  From  the  di-bromo  snlMtitution 
products  of  the  hydrocarbons,  e.y.  ethylene  bromide  : 

(tt)  By  transformation  into  the  di-acetic  ether,  hy  means  of 
silver  or  potassium  acetate,  and  saponification  of  t!ie  ether  so 
produced  by  potash  or  baryta  water  : 

C,H,Br3  -H  2AgOjHaOi,   =   OH^jII^O^ -f  2AgBr; 
Ethylene  bromide.  Glyoollic  di-acetate. 

CaH4(CjHsOa)2  +  2K0H   =   C2H,(0H),  -i-  aCgH^O^K, 

In  the  actual  preparation  of  glycol  from  ethylene  bromide, 
potassium  acetate  and  strong  alcohol  {Demole),  this  sa]ionifiea- 
tion  ensues  directly  upon  prolonged  boiling  of  the  mixture. 

(6)  By  boiling  with  water  and  lead  oxide  or  potassium 
carbonate,  hy  which  means  the  acid  produced  is  taken  up,  and 
BO  the  reaction  is  facilitated  : 

CgH^Brj  +  2H0H   =   Q.„Ji^{OK\  -t-  2HBv. 
By  the  redaction  of  ielouus  to  Bccondarj  a\co\ro\ti,  ftw  a 


t\ii:  ao-'^'akXtA^ 
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pinacones,  i.e.  di-tertiary  glycols,  result  as  bye-products,  (see  pp.  77 
and  191),  thus  : 

(CH3),C0  +  CO(CH,)a  +  Hj  =  (CH8)2=C(OH)— C(0H)=(CH3)j. 

V —^ ' 

Pinacone. 

3.  By  the  combination  of  olefines  with  HgOg,  or  from  their 

oxidation  by  means   of  KMnO^,   the  glycols   are  produced 

directly,   and  by  their  combination  with  ClOH,  the  chlor- 

hydrins  : 

C2H4  +  ClOH  =  CgH^CKOH). 

Behaviour,  1.  As  in  the  case  of  the  monatomic  alcohols,  the 
hydrogen  is  directly  replaceable  by  potassium  or  sodium,  with 

the  formation  of  alcoholates,  e.g.  G^^<^q^     and  CH^<^i;^^, 

sodium  and  di-sodium  glycols. 

2.  The  metal  in  these  compounds  may  be  exchanged  for 
new  alcohol  radicle  by  treatment  with  alkyl  iodide,  with 
formation  of  glycoUic  ethers  : 

C2H,(ONa)2  +  2C2H,I  =   2NaI  +  G,R,(O.G,R,)^ 

^ . ' 

Ethylene  di-ethyl  ether. 

These  ethers,  like  those  of  the  monatomic  alcohols,  are 
stable  against  saponifying  agents. 

3.  Acids  act  upon  them  to  produce  ethers,  which  are  either 
neutral  ethers  or  ether-alcohols  (see  p.  188). 

The  halogen  ethers  of  the  glycols  are  termed  chlor-,  brom-,  or 
iodhydrins,  e.g.  glycol  chlorhydrm,  C2H4C1(0H),  glycol  di-chlorhydrin, 
C2H4CI2,  etc.  The  ether-alcohols  which  result  from  the  action  of 
halogen  hydride  may  also  be  regarded  as  mono-substitution  products 
of  the  monatomic  alcohols,  which  cannot  be  prepared  directly,  e.g. 
C2H4C1(0H),  monochlor-ethyl  alcohol.  Similarly  the  neutral  halogen 
hydride  ethers,  C2H4CI2,  C2H4Br2,  etc.,  are  nothing  else  than  the 
di-substitution  products  of  the  paraffins. 

4.  The  chlor-,  brom-,  and  iodhydrins,  as  the  chlorides, 
etc.  of  the  monatomic  alcohols,  constitute  the  bridge  for  the 
preparation  of  most  of  the  other  glycol  derivatives ;  thus  they 
yield  thio-glycols  with  potassium  hydrosulphide,  gly collie 
amines  with  ammonia,  glycollic  sulphonic  acids  with  bisulphite 

of  soda,  etc. 


6.  By  the  splitting  off  of  HCI  from  ethylene  chlorhydrin 
by  means  of  alkali,  there  is  formed  an  anhydride  of  glycol, 

ethylene  oxide,  I      ^0,  (sec  p.  193),  homologues  of  which 

have  also  been  prepared. 

The  glycols  frequently  yield  aldehydes  or  ketones  by  giving  ap 
water,  for  inatance,  ethylene  glycol  is  converted  into  aldehyde  by 
warming  with  ohloridn  of  zino,  or  with  water  to  230°.  This  reaction  is 
eiplained  by  aBsiuning  the  intermediate  formation  of  unsaturated 
alcohols  which  are  not  in  themselves  capable  of  cxtstcnca,  e.g, 
CH3=CH(0fi),  but  which  immediately  undergo  transformation  into  the 
iBOiDBric  aldehydes  or  ketones. 

7.  For  the  oxidation  products  of  glycol,  see  above,  also  p. 
205.  ^ . . 

Methylene-  and  Bthylidene  glycols.  See  Aldehydes. 
Ethylene  glycol,  glycol,  C3H^(OH)2,  (0'wi'fe,  A.  100,  UO). 
Is  prepared  from  ethylene  bromide  by  means  of  potassium 
acetate  in  alcohohc  solution  (Demoh),  or  of  potassium  carbonate 
in  aqaeoTia  solution,  as  given  above,  (A,  193,  250).  For  pro- 
perties, see  above.  Its  formula  has  been  corroborated  by  the 
determination  of  its  vapour  density.  Oxidizing  agents  trans- 
form it  into  glycollic  and  oxalic  acids. 

Propylene  glycol  ia  known  in  two  isomeric  forms,  viz.  r 
(a)  T^i-methylene  glycol  or  yS- Propylene  glycol,  CH^(OH) — 
CHj — CH„OH,  which  is  prepared  from  tri- methylene  bromide, 
and  is  a  di-primary  glycol;  B.  Pt.  216°,     It  is  also  produced  by 
the  schizomycetes  fermentation  of  glycerine,  (B.  14,  2270). 

(6)  a-Propylene  glycol,  CHa— CH(OH)— CH2(0H),  can  be 

prepared  from  propylene  bromide  in  an  analogous  manner, 

but  is  moat  easily  got  by  distilling  glycerine  with  caustic  soda. 

B.  Pt.  188°.     Becomes  optically  ( — )  active  on  fermentation, 

fission   fungi   convert  it  into  two    active   modifications 

[  (  +  and  — ),  the  former  of  which  is  more  readily  attacked  by 

I  fermentation  than  the  latter. 

Four  Bntylens  slycols,  and  various  Amylens-  and  Hsxylene-  Klyools, 

.  aUo  known. 

FUuconB  or  Tetrtraethyl-etbyteuB  glycol,  (CH.jli=v;i,0\l'i— (l^SSWi^ 
■"'■       For  fonnatioa,  eee  p.  190.     Its  hydrate,  ^  +  6Hjai,  lonna\o.'cgs 
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quadratic  tables ;  in  the  anhydrous  state  it  is  a  crystalline  mass  melting 
at  38**  and  boiling  at  178*^.  When  warmed  with  dilute  sulphuric  acid  it 
yields  pinacoline,  CHj — CO — C^(CH8)8,  (see  p.  144). 

Cocceryl  alcohol,  CsoH^oCOH),.     In  cochineal  wax. 


Derivatives  of  the  Qlycols. 

Ethyl    ethers.     Glycol  ethyl  ether,  C3H4<^  ^  U     and  COycol 

dl-ethyl  ether,  C2H4(O.C2H5)2,  are  liquids  of  pleasant  ethereal  odour, 
boiling  at  about  70°  lower  than  glycol. 

Acid  derivatives.  OlycolUc  acetate,  CaH4<^^^j,Q  andCHyoollic 

di-acetate,  C2H4(O.C2H30)2,  are  liquids  easily  soluble  in  water,  which 
boil  at  a  slightly  lower  temperature  than  glycol.  The  former  is 
converted    by   gaseous    hydrochloric   acid    into    glycol   chlor-acetin, 

C3H4<^  n  g  O  ^^^^^  '^'^^  ^^  ^  regarded  as  chlorinated  ethyl 
acetate. 

Glycol  chlorhydrin,  CgH^.Cl.OH,  is  obtained  by  passing 
hydrochloric  acid  gas  into  warm  glycol,  (B.  16,  1407),  or  by 
the  direct  combination  of  ethylene  and  hypochlorous  acid.  It 
is  a  liquid  miscible  with  water,  and  boiling  at  128",  differing 
in  this  point  from  its  corresponding  alcohol  to  almost  the  same 
extent  as  ethyl  chloride  does  from  alcohol. 

Glycol  bromhydrln,  C2H4.Br.OH,  and  Glycol  iodhydrin,  CaH4.I.0H, 

are  analogous  compounds ;  the  last  named  decomposes  upon  distillation. 

Sulphuric  ethers  of  glycol,  e.g.  Glycol  suphurlc  acid,  C2H4<^  gQ  „ 
also  exist.     The  latter  is  similar  to  ethyl-sulphuric  acid  in  its  behaviour. 

Glycollic  di-nitrate,  C2H4(N03)2,  is  prepared  by  acting  on 
glycol  with  sulphuric  and  nitric  acids  : 

C2H4(OH)2  +  2NO2OH    =    C2H4(O.N02)2  +  2H2O. 

It  is  a  yellowish  liquid,  insoluble  in  water,  which  is 
saponified  by  alkalies  and  explodes  on  being  heated.  The 
formation  of  such  nitric  ethers  is  characteristic  of  the  poly- 
atomic alcohols,  (see  glycerine,  p.  201). 

By  treating  ethylene  bromide  with  potassium  cyanide, 
ethylene  cyanide,  C2H4(CN)2,  is  obtained.  It  is  crystalline, 
and  goes  into  succinic  acid,  CcjEL^j^CO^^^,  ovi  «a.^^m^^^\I\Qvi^ 
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whence  it  may  be  termed  the  nitrile  of  thia  acid.  NaacoDt 
hydrogen  trangforma  it  into  butylene  diamine,  C4Hg(NHj)j, 
(see  p,  195),  Similarly  ethylene  ohiorhydrin  is  converted  by 
potassium  cyanide  into  the  HCN-derivative  of  glycol, 

Ethylene  cyanhydrin,  CHa(0H)~CH3.CN,  which  also 
possesses  the  properties  of  an  acid  nitrile,  (see  lactic  acid). 
Isomeric  with  it  is  ethylidene  cyanhydrin,  CH,|.CH{OH) — CN, 
the  addition  product  of  hydrocyanic  acid  with  aldehyde, 
(p.  133). 

Acetone  cyanhydrin,  (CH3).^=C(0H)— CN,  see  p.  142. 

The  anhydride.  Ethylene  oxide,  C^HjO,  (IFurls),  is  obtained 
by  distilling  glycol  chlorhydrin  with  caustic  potash  solution. 
It  is  a  mobile  liquid  of  ethereal  odour,  mixing  and  gradually 
combining  with  water  to  othylene  glycol.  B.  Pt,  IS'S";  Sp. 
Gr.  <  1.  It  alao  combines  with  acids  to  chlorhydrina  or 
mono-ethers  of  the  glycols,  this  affinity  for  acids  being  so 
strong  as  to  give  it  a  well  marted  basic  character,  which  is 
further  shown  by  its  precipitating  the  hydrates  of  the  heavy 
inetals  from  solutions  of  their  salts.  It  is  isomeric  with 
aldehyde, 

Etbyleoe  oiide  combines  with  glycol  to  form  the  so-called  Foly- 
glyoola,  G.3.  Di-ethjlene  glycol,  CaH.IOH)— O- G,Hj(OH). 

Mercaptana  uud  BuljjhideB  of  the  glycol  aeries  also  exist,  e.g.  Olyool 
mercaptan,  CaH,(SE).j,  BthylBne  mono-thlo-liydrats,  l.^jH,(OH)(SH),  and 
Dl-ettiyleiie  dl-solptdds,  (C^Hft^Sg,  the  last  of  which  forma  a  sulph-oxida 
and  a  aulpLoiie.  TMo-ai-glyoolllc  cmoriclB,  S(CijH,Cl)2,  is  an  extremely 
IS  liquid. 


AmineB  of  the  Diatomic  Alcohols. 

These  are  derived  from  glycol  by  the  replacement  of  one  or 
two  hydroxyl  groups  by  amidogen  : 

Oxy-ethylamiuE.  Ethylene  diamine. 

In  the  former  case  monatomic  (primary)  amines  contamTO?, 
axygt-n  result,  compoauds  which  retain  at  tlie  eaTOe  Wovfe 
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alcoholic  character;  in  the  latter,  diatomic  (primary)  bases  free 
from  oxygen,  the  diamines,  which  are  in  every  respect  analogous 
to  ethylamine.  These  compounds  may  also  of  coarse  be  held  as 
being  derived  from  one  or  two  molecules  of  ammonia  by  the 
exchange  of  H  for  (CjH^.OH),  "oxy-ethyl,"  or  of  Hg  for 
(C2H4),  thus : 

(H  (Ha 

( C2H,.0H  ( (cf^HJ-^ 

This  latter  view  permits  of  the  prediction  of  secondary  and 
tertiary  bases,  e,g. . 

n{^,H,OH),      -d     N(CA.0H)3 

and  also  of  quartemary  ammonium  bases,  of  such,  among 
others,  as  still  contain  monatomic  alcohol  radicles,  e.g. : 

(  (CH3)3 

N  ^  (C2H4.OH),  Choline. 

Such  bases  actually  exist,  and  show,  according  to  their  con- 
stitution, the  behaviour  of  primary,  secondary,  etc.,  amines  or 
ammonium  bases.  Ethylene  diamine,  for  instance,  can  react 
not  only  with  ethylene  bromide,  but  also  with  the  halogen 
compounds  of  the  monatomic  alcohol  radicles. 

The  bases  containing  oxygen,  such  as  oxy-ethylamine,  etc., 
are  termed  Oxy-alkyl-bases  or  Hydramines. 

If  two  hydrogen  atoms  in  a  molecule  of  ammonia  are  replaced  by  a 
divalent  alcohol  radicle,  *<IxnineB,"  e.g.  ethylene  imine,  (C2H4)NH", 
result. 

Their  Modes  of  formation  are  likewise  for  the  most  part 
analogous  to  those  of  the  monatomic  alcohol  bases;  viz. : 

(1)  By  heating  ethylene  bromide,  etc.,  with  alcoholic  am- 
monia to  100**,  (Hofmann). 

C2H4Br2  +  2NH3  =  C2H,(NH2)2  +  2HBr ; 


■  tilkt 
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The  primary,  secondary  and  tertiary  bases,  which,  art 
formed  simultaneously,  can  be  separated  by  fractional  die 
tillation. 

The  oxy-ftlkyl  bases  are  obtained  in  an  analogous  manner  bj 
using  ethylene  chlorhydrin,  thus  : 

CjH,(OH)Cl  +  NH3   =   C2H,(0H)(NHj)  +  HCl. 

In  this  case  also  primary,  secondary  and  tertiary  baeeB  art 
produced  at  the  same  time,  and  are  separated  by  the  fractional 
crystallization  either  of  their  HCl  Baits  or  of  their  doublt 
platinum  chlorides. 

Ethylene  chlorhydrin  yields  choline  hydrochlorate  with  tri- 
methylamine. 

(2)  Primary  diamines  result  from  the  reduction  of  tht 
nitriles,  CaHai(ON)j,  which  is  best  effected  by  metallic  sodiun; 
in  the  hot  alcoholic  solution ; 

C3H,(CN)a  +  iHa  =  CjH4{GHa.NHj)2 ,  =  C,Hg(NHa)a 
Etbylene  cyitnide.  Batylene  diamine. 

(3)  Hydramines  ensue  by  the  direct  combination  of  ammonia 
with  1,  2,  or  3  molecules  of  ethylene  oxide  {Wurlz),  thus  : 

CjHjO  +  NH,  =  CsH,(0H){NH2). 

Ethylene  oxide,   tri-methylamine  and  water,  combine  tc 

choline :  ■ 

CjHp  +  H,0  +  N{CH3)a  =  CjH,(OH)[N(CH3)3.0H].      \ 

Ethylene  diamine,  OaHj(NHg)g,  Di-ethylene  diamine, 
(C2H4)3NjHj,  etc.,  are  colourless  liquids  distilling  without 
decomposition,  tlie  former  boiling  at  123°,  and  having  an 
ammoniacal  odour. 

Tri-methylene  diamine,  C3H6(NH2)2,  (see  B.  17,  1789), 
Butylene  diamine  {Tetra-methylene  di-amine),  C4Hg(NH3)3i 
(see  above;  also  p.  193). 

Penta-methylene    diamine,    C5Hj^(NH3),,  = 
CHg(NH2)— (CHa)^— CH3(NHg),  is  formed  by  the  reduction 
of  tri-methylene  cyanide,  CN — (CHj)g — ON,  which  on  its  part 
in  prepared  from  tri-methylene  bromide,  CH^Bi — C^^— C^^ 
mid  KVN,  (-'    •    ■      ' 


ALCOHOLS. 

It  IB  ft  colourless  syrapy  licjuiJ  of  very  pronouncnd  sper- 
maceti and  piperidiiie  odour,  which  solidifies  in  the  cold,  and 
boils  at  178°-179°.  It  possesses  especial  interest  from  itB 
giving  up  ammonia  and  yielding  piperidine,  C,Hj,N,  syn- 
thetically. 

Oxy-etliyliimliie  and  tlie  other  bydraminea  are  colourless  bases  wbich 
decompose  on  distillation. 

To  hydraminea  o!  the  conatitution  (CjHbJjN— CH,— CH.OH, 
Ladeiibiirii  gives  tbe  name  of  Alklnea,  the  above  formula  iQdic&titifl' 
Trl-etbyl  aUdne ;  and  the  ethers  which  they,  as  atcohols,  yield  with 
acids,  he  terms  jUk^nes.     (B.  14,  2406 ;  IS,  1143.) 

Choline,  bUinenrine,  inmethyUxeyelhyl  ammonium  hi/droxide, 
N(CH3)3.(C,H,.OH)(OH}  or  C,H,<gJJ,jj  ^  qjj  (Sfr«fer). 
Is  found  in  the  bile  (x"^^,  bile),  brain,  yolk  of  egg,  etc.,  beings 
present  in  these  combined  with  fatty  acids  and  glycerine- 
phosphoric  acid  as  lecithine.  It  is  also  found  in  herring  brin^ 
hops,  beer,  and  in  many  iiingi,  etc.,  and  is  obtained  by  boiling' 
sinapine  with  alkalies,  ("  Sincaline ").  Choline  is  a  strong 
base,  difficultly  crystallizable,  deliquescent,  and  absorbing  car- 
bonic acid  from  the  air  with  avidity.  It  is  not  poisonous. 
The  HCI  salt  has  the  formula  N(CHs)3(CsHpH)CI,  and  the 
platinum  double  salt  crystallizes  in  reddish  yellow  plates. 

By  transforming  choline,  by  means  of  hydriodic  acid,  into 
its  iodide,  N{CH3)g(CjH4l)I,  and  treating  the  latter  with  moist 
oside  of  silver,  and  also  from  the  putrefaction  of  choline,  thera 
results 

Nenrino  (vtvpov,  nerve),  trimeffiyl^myl  amtnoniwn  Jiydroxide, 
N(CH3)3(C3H3)OH  {Hofmafin).  This  base,  containing  the  un- 
saturated radicle  "  vinyl,"  CjHg,  is  very  similar  to  choline,  and 
can  also  be  prepared  from  brain  substance  ;  it  is  only  known 
in  solution,  and  is  very  poisonous.  It  ia  possibly  identical 
with  an  alkaloid  produced  in  dead  bodies  by  the  decay  of 
albuminous  matter.     It  can  be  re-transformed  into  choline. 

Sulphuric  and  Sulphurous  Acid  Derivatives  of  Glycol 

Hetnylene  dl-Bolpbonlc  add,  melhionic  acvl,  CHg^lSOgE): :  needles.  . 
0]^y-]netbyl-Bulphonlc  aold,  CHjIOHlSOjH:  difficultly  cryBtaUisabla. 
StUrlene  dl-BOlpbODlc  acid,  C,Ii4lB0,ll)i-,  blVucVLVu^xSA., 
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Oxy-ethyl-BulphomeoriBethionioacid,CH3(OH)-CHj(80gH), 
and  Ethionio  acid,  CH2(0S0,,H)— CH3{S03H).  By  treating 
alcohol  with  sulphuric  anhydride,  or  by  the  direct  combination 
of  the  latter  with  ethylene,  Carbyl  anlphate,  C^H^SjOg,  the 
anhydride  of  ethionic  acid,  is  formed.  It  is  crystalline  and 
hygroscopic,  combining  immediately  with  water  to  ethionic 
acid.  The  latter  is  easily  converted  into  sulphuric  and  is- 
ethionic  acids  npon  boiling  with  water.  Isethionie  acid  is 
isomeric  with  ethyl-sulphuric,  but  differs  from  it  sharply  in  not 
being  saponifiable.  It  is  also  produced  by  the  oxidation  of 
ethylene  thio-hydrate,  CHij(0H).CH2SH,  by  nitric  acid,  and 
by  heating  ethylene  chlorhydrin  with  KjSO^ ;  it  is  therefore  a 
aulphonic  acid  (seep.  105). 

Ethionio  acid  is  a  sulphuric  ether  of  iaethioDtc  aaid,  in  which  the 
latter  acts  as  an  alcohol,  corrBspondiiig  with  the  conBtitntional  formula : 
CHj(0.  SOjH)— CHjISOaH). 

laethionic  acid  is  a  thick  liquid  which  may  solidify  to  a 
stellate  crystalline  mass,  and  forma  stable  salts  and  also  an  ethyl 
ether,  etc.  It  yields  with  PCI5  the  chloride  C^H^.Cl— SO^-Cl, 
which  decomposes  with  water  to  Chloro-ethyl-Bulphonio  acid, 
CHaCl~CHg(aOgH).  This  latter  reacts  with  ammonia  ( Kolbe) 
to  form 

Taurine,  CjHjNSOg  (Gmelin),  which  is  present  in  combinar 
tion  with  cholic  acid  as  taurocholic  acid  in  the  bile  of  oxen  and 
many  othei'  animals,  also  in  the  kidneys,  lungs,  etc.  It  crystal- 
lizes in  large  monoclimc  prisma,  is  easily  soluble  in  hot  water 
but  insoluble  in  alcohol,  and  decomposes  upon  being  strongly 
heated.     From  the  above  mode  of  formation,  it  has  the  con- 

'  CHj-NHa 
Btitution    I  =    Amido-ethyl-aulphonic   acid,   and   in 

CHa.80BH 
accordance  with  this  constitution  it  unites  in  itself  the  pro- 
perties of  an  alcoholic  amine  and  a  sulphonic  acid,  and  is 
therefore  at  the  same  time  a  base  and  an  acid.  It  forms 
unstable  s.i!ta  with  alkalies,  but  not  with  acids,  the  groups 
NHj  and  SO|,H  in  the  molecule  jiractically  Tieatializm^  t>w% 

o  Umt  its  reaction  is  neutral.     KibcouB  afivi  CiOt^NKt^A  j 
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it  into  isethionic  acid,  a  reaction  analogous  to  the  decom- 
position of  the  primary  amines  by  this  reagent.  As  the  sul- 
phonic  acid  of  an  alcohol,  it  is  not  changed  by  boiling  with 
alkalies  and  acids. 


The  constitutional  formulae  of  (the  secondary)  Dl-etbylene-dlainine, 

Nil 
NsH2(CsH4)2,  is  C,H4<^-K^iT^>C2H4,  f.e.  it  is  a  compound  in  which  one 

has  to  assume  a  so-called  *' closed  chain*'  or  ''ring-shaped  atomic  com- 
bination.''   (Of.  benzene,  pyridine,  pyrrol,  etc.) 


B.  Triatomic  Alcohols. 

Those  alcohols  are  triatomic  which  are  capable  of  forming 
three  series  of  ethers  with  a  monobasic  acid,  in  such  manner 
that  the  production  of  the  neutral  ether  requires  three  mole- 
cules of  the  acid.  Three  hydroxyls  must  be  assumed  in  them, 
so  that  their  chemical  behaviour  depends  upon  whether  one  or 
two  or  all  three  of  these  are  brought  into  reaction,  with  the 
formation  of  simple  and  compound  ethers,  amines,  etc. 

Thus  there  exist,  for  instance,  the  following  three  glycerine 
ethers  of  acetic  acid  : 

^3^5  {  b.C^AgO         ^3^6  {  (O.C2H80)2         C3H5(O.C2H30)3. 

Mono-acetin.  Di-acetin.  Tri-acetin. 

Compounds  are  also  known,  as  in  the  case  of  the  diatomic 
alcohols,  which  contain  several  different  substituents  in  the 
place  of  the  hydroxyl. 

The  triatomic  alcohols  are  colourless  thick  liquids  of  sweet 
taste  and  high  boiling  point,  and  are  for  the  most  part  easily 
soluble  in  water. 

Triatomic  alcohols  with  one  or  two  carbon  atoms  are  un- 
known, in  accordance  with  what  has  already  been  said  on  pp. 
131  and  188;  one  carbon  atom  binds  therefore  only  one 
hydroxyl. 

Thus  the  compound  CH(0H)3  is  incapable  of  existence,  but  we  know 
ita  deiivativea  ortho-formic  ether   (p.  14^^,  wcA  'SQI^DD:s^-^2cV•^EQ\^'iMnllo 


ia,  CH(SOsH)^  a  compouud  resulting  from  the  aution  uf  Iiiining 
Biilpharic  acid  upon  calcfum  mtitliyl-siilphooat^}  aii<l,  like  utbur 
sulphniiic  acidfl,  not  saponitiable. 

Ortlio-Kcetio  ether,  CH^— ClOCaHjla  (liquid,  R  Pt.  142°),  and  ita 
isomer,  Etlienyl  tii-Bthj'l  ether,  are  aleo  derivatives  of  noa-exiBting  tri- 
hydroxylic  compounda. 


Glycerine,  propmyl  alcohol,  "OdsUss,"  CgH5(0Hg).  {Schede, 
1779;  formula  established  by  Peluute  in  1836,  and  constitution 
by  Bertkelol  and  ffurtz.) 

Synlhesis.     By  heating  glyceryl  trichloride,  C^H^Clj  (p.  69), 
with  water  to  170°; 
CHjCl-CHCl-CH,a  +  3H,0  =  Ca,(OH)-CH(OHK;Hj(OH)  +  3HC1. 

GlyoBryl  trichloride  is  itself  obtainalile  from  iao-propy]  iodide 
(whioh  can  bIbd  be  prepared  synthetically),  by  converainn  into  propylene, 
addition  of  CI],  and  hoating  the  propylene  dichloride  fonned  with 
oblorida  of  iodine,  {FYiedel  and  Siiva) : 

CaH^lj  +  Cl,  =  CjHsCla  +  HCl. 

Glycerine  is  also  produced  by  the  oxidation  of  allyl  alcohol  with 
KMnO,. 

The  condUutitm  of  glycerine  follows  from  this  Byuthesis  and 
also  from  its  relation  to  tartronic  acid  (p.  238) ;  each  of  the 
three  hydroxyls  is  attached  to  a  separate  carbon  atom. 

Preparation.  Glycerine  is  prepared  by  saponifying  the 
natural  fats  and  oils,  especially  olive  oil,  either  by  means  of 
superheated  steam,  or  by  heating  with  lime  and  water,  or  with 
sulphuric  acid.  These  are  thus  broken  up  into  their  com- 
ponenta,  the  glycerine  distilling  over  with  the  superheated 
steam,  and  being  at  the  same  time  purified  by  means  of  animal 
charcoal 

In  the  manufacture  of  stearic  acid  (p.  162),  the  fata  are  saponified 
by  sulphuric  acid,  whereby  tlie  glycerine  is  converted  into  glyceryl- 
sulphurio  acid,  CjHbCOHJ^O.SOjiH),  from  which  it  can  be  obtained  by 
boiling  with  water  or  with  lime.  In  tbo  preparation  of  plaiator,  by 
boiling  fata  with  lead  oxide  and  water,  as  at  p.  i(i3.  an  aqueoos  solution 
of  glycerine  is  got  along  with  the  insoluble  lead  plaistcr. 

Pivperties.  Tluck  colourless  syrup,  Sp.  Gr.  1-27.  Solidifies, 
when  atroDgly  cooled,  to  crystals  like  those  oS  BMSj,aT  cwQi^,, 
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which  melt  at  22°.  Boils  at  290°,  but,  when  impure,  it  can  be 
distilled  without  decomposition  only  under  diminished  pres- 
sure. Very  hygroscopic  and  miscible  with  water  and  alcohol 
in  all  proportions,  but  insoluble  in  ether. 

Uses.  In  the  manufacture  of  liqueurs,  fruit  preserves,  wine,  etc.  ; 
for  non-drying  stamp  colours  and  blacking  ;  when  mixed  with  glue,  in 
book  printing  ;  as  a  healing  ointment  for  external  use ;  but  especially 
in  the  manufacture  of  nitro-glycerine. 

Behaviour,  1.  It  forms  with  alkalies  and  other  metallic 
hydroxides  soluble  alcoholates  which  readily  break  up  again 
into  their  components. 

2.  By  exchanging  the  typical  hydrogen  atom  for  alkyl,  it  3delds 
ethers,  e.g.  Mono-etliylin,  C3H5(OH)2(OC2H5),  and  Trl-ethyllxi, 
C3H5(OC2H6)3,   liquids  which  boil  without   decomposition. 

3.  As  an  alcohol  it  forms  the.  most  various  ethers,  thus,  with 
sulphuric  acid,  the  easily  saponifiable  glyceryl-sulphuric  acid, 
C3H5(OH)2(O.SOgH);  with  phosphoric  acid,  glyceryl-phosphoric 
acid,  CgH5(OH)2(O.P03H2) ;  with  nitric  acid,  nitro-glycerine, 
C3H5(O.N02)3 ;  with  hydrochloric  acid  the  chlorhydrins,  and 
with  the  higher  fatty  acids  the  fats.  For  its  behaviour  with 
hydriodic  acid,  or  iodine  and  phosphorus,  see  p.  65. 

4.  It  yields  compounds  of  a  mercaptan  or  aminic  character 
by  exchange  of  OH  for  SH  or  NH2. 

5.  By  the  separation  of  2  mols.  H2O,  it  yields  acrolein  (see 
p.  137),  and  by  the  indirect  separation  of  1  mol.  H2O,  glycidic 
alcohol  or  glycide,  C3Hg02. 

6.  Oxidizing  agents  convert  it,  according  to  circumstances, 
either  into  glyceric,  tartronic,  oxalic,  tartaric,  hydrocyanic, 
acetic,  or  formic  acid.  Halogens  oxidize  and  do  not  substi- 
tute. 

7.  It  yields  normal  butyl  alcohol,  caproic  acid  and  butyric 
acid  by  certain  fission-fungus  fermentations. 

Derivatives. 

Chlorhydrins,  (hydrochloric  ethers).     By  the  action  of  HCl, 
Mono-  and  Di-chlorhydrins  result,  and  by  the  action  of  PCl^ 
upon  these,  jPri-cilorJiydrin. 


'  DEKIVATIVKS   OF  GLYCEIIIN& 

a  ionc-e- lorliTiJrlii,  CH,(OH)— CH(OH)-CHjC].  is  formed  from 
epichlorhydrin,  CaH„O.Cl,  and  water;  B-Dl-chlorliydrln,  (.;H,C1— CH 
(OH)— CHjCI,  from  Epichlorhydrin  and  HCI :  ^-Mono  cWorhydrln, 
CH,(OH)— CHCI-CH,(OH),  ai.d  jS-Di-chlorliydrln,  CHj(OH)— CHCl— 
CH^CI,  by  the  addition  of  ClOH  to  allyl  alcoliol  or  aliyl  chloride. 

Ttti  chlorliydrjns  are  liquids  more  or  less  easily  soluble  in 
water,  and  easily  solutle  in  alcohol  and  pthcr,  which  boil  at  a 
lower  temperature  than  glycerine.  They  may  also  be  regarded 
aa  chlorinated  propylene  glycols  or  propyl  alcohols,  (tri-chlor- 
hydrin,  CgHjClj,  aa  trichloro- propane),  being  transformed  by 
backward  substitution  into  the  corresponding  alcohols  or 
,  propane. 

lodhydrlDH.  Mono-  and  Di-iodhydrin  are  known,  but  not 
Tri-iodhydrin,  (see  pp.  65  and  63). 

Qlycide  compounda.  By  the  elimination  of  water  from 
glycerine  a  compound  is  obtained  which  unites  within  itself 
the  propeiiies  of  ethylene  oxide  and  of  a  monatomic  alcohol, 
'  -m. : 

Glycide  alcohol,  CaHjO-OH,   =  CHa^^-^CH— CHj-OH. 

It  may  be  prepared  e.j;.  by  the  abstraction  o£  HCl  from  o-mono- 
chlorhydrin,  by  means  of  baryta,  just  as  ethylene  chlorhydrin  yields 
ethylene  oxide.  It  is  a  colouHeaa  liquid  boiling  at  162",  and  miscible 
with  water,  alcohol  and  ether,  which  recombines  with  HgO  to  glycerine 
and  with  HCl  to  chlorhydrin,  and,  as  an  alcohol,  forms  ethers  (glycide 
ethers),  etc.  It  redness  an  atnmoniacal  silver  soiution.  la  isomerio 
with  propionic  acid.     Its  hydrochloric  other  is 

EplcliIorbydTln,  (JgHgO.Cl,  isomeric  with  clilor- acetone  and  pro- 
pionyl  chloride,  a  mobile  liquid  of  chloroform  odour,  boiling  at 
117°,  which  is  formed  by  the  separatiou  of  HCl  from  cither  of  the 
di-chlorhydrius,  and  is  capable  of  rciiombinitig  with  H^O,  HCl,  etc. 

Ethers  of  Nitric  acid.  Mono-nitrin,  C3H5(0H),(O.NO,), 
and  Tri-nitrin  or  Nitro-glyoerine,  C3H5(O.N02),,  arc  known. 
The  latter  is  prepared  by  treating  glycerine  with  a  cold 
mixture  of  concentrated  nitric  and  sulphuric  aciils.  It  is  a 
colourless  oil,  insoluble  in  water,  poisonous,  and  of  a  sweet 
burning  aromatic  taste.  Sp.  Gr.  1'6.  Solidifies  at  —20°,  It 
burns  without  explosion,  hut  explodes  with  tembVe  \\oW»ia 
when  ^uicJcJy  heated  or  when  struck,  {Noh^&  ex-pVomft  cSiV 
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When  mixed  with  kieselguhr  in  the  proportion  of  3  parts  to  1, 
it  forms  dynamite,  {Nobel,  1867),  which  is  not  affected  by 
percussion,  (B.  9,  1802),  but  is  exploded  by  fulminate  of 
mercury  with  frightful  force.  It  is  saponified  by  alkalies  and 
by  sulphide  of  ammonium. 

Ethers  of  Organic  acids.  Mono  fonnin,  C3H5(OH)2(O.CHO), 
already  mentioned  at  p.  154,  is  an  oily,  easily  saponifiable 
liquid,  which  yields  allyl  alcohol  upon  heating. 

The  Acetins  are  high-boiling  liquids  soluble  in  water  and 
ether,  which  can  be  prepared  synthetically,  and  which  are 
used  technically  for  the  solution  of  colours  for  printing. 

Mono-,  Di-,  and  Tri-palmitin,  G^IL^{OE)^{0,G-^Qn^fi\  etc., 
can  likewise  be  obtained  by  synthesis,  and  melt  respectively 
at  68°,  59^  and  66^  Tri-palmitin,  C3H5(O.Ci6H8iO)3,  may  be 
prepared  from  palm  oil  (p.  163),  and  forms  glancing  mother- 
of-pearl  plates;  Tri-stearin,  03115(0.01811350)3,  from  mutton 
tallow  or  shea  butter,  M.  Pt.  IT ;  Tri-olein,  03115(0. 0i8H33O)8, 
the  chief  constituent  of  olive  oil,  is  an  oil  which  only  solidifies 
at  —6°.  For  the  animal  and  vegetable  fats  and  oils,  see  p. 
162. 


0.  Tetra-,  Penta-,  and  Hexatomic  Alcohols. 

These  alcohols  can  react  respectively  with  four,  five,  or  six 
molecules  of  a  monobasic  acid  to  form  neutral  ethers,  and  con- 
sequently four,  five,  or  six  alcoholic  hydroxy  Is  are  to  be 
assumed  as  present  in  their  molecules. 

The  atomicity  of  an  alcohol  is  determined  by  the  number  of  acetyl 
groups  which  are  found  to  be  present  in  the  ether  which  results  upon 
heating  it  with  acetic  anhydride  and  acetate  of  soda,  thus  : 

C6H8(OH)6  +  6(C2H80)20  =  C6H8(O.C2H30)e+6C2H40a. 

The  ether  of  any  alcohol  in  question  may  also  be  prepared  by  the  aid 
of  an  acid  containing  halogen,  bromo-benzoic  acid  being  especially  suit- 
able for  this ;  and  from  the  amount  of  bromine  found  in  the  ether,  the 
number  of  acid  radicles  which  have  entered  the  molecule,  t.c.  the 
number  of  replaced  hydroxyls,  can  be  deduced. 

The  higher  atomic  alcohols  axe  ao\\^  ct^^V^SVvaa  ^wsL^oiinds 
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of  sweet  taate.  Ab  a,  rule  they  cannot  be  volatilized  without 
decomposition.  Their  derivatives  are  exactly  analogous  to 
those  of  glycol  and  glycerine. 

Their  c&nslilulion  follows  from  the  law  aJready  repeatedly 
referred  to  at  pp.  131,  188,  etc.,  viz.,  that  not  more  than  one 
hydroxyl  group  can  be  bound  to  one  carbon  atom  without  the 
immediate  separation  of  water,  so  that  a  tetratomic  alcohol 
must  contain  at  least  four,  and  a  bexatomic  alcohol  at  least 
six  atoms  of  carbon.  The  tetratomic  alcohol  erythritc, 
O^HioO,,  =  C,Hb(OH)„    has   thus    the    formula  : 

CH2(0H)-CH(0H)— CH(OH)— CH,(OH) ; 
and  niannite,  the  lowest  of  the  hexatomic  alcohols,  CgHj^O,,, 
=  CaHg(OH)o,  the  formula  : 
CHa(OH>— Cn(OH)— CH{OH)— C!H(OH)-CH(OH)— CH,XOH). 

These  alcohols,  which  are  the  lowest  theoretically  possible, 
i.e.,  which  contain  the  smallest  possible  number  of  carbon 
atoms  in  the  molecule,  are  at  the  same  time  the  only  ones  of 
special  importance. 

1.  Tetratomic  aldOholB.  Orttao-cat'boiiic  ether,  filLMff's  carbonic  ethsr, 
C(OC^g)^  ia  to  be  regarded  us  the  ether  □{  tbe  hypothetical  alcohol, 
C(0H)4,  which  may  be  looked  upon  as  the  hydrate  of  carbonic  acid,  but 
is  itself  incapable  of  exiatence.  It  ia  a  liqaid  of  ethereal  odour,  boiling 
at  159°. 

ErythrltB,  erythroglucine  or  pkycile,  CiSaiOK)^,  (Stenhouse),  occurs  in 
tbe  free  atate  in  Protococcus  vulgaris,  and  combined  with  oraellinic  acid 
as  ether  (erythrtu),  in  many  lichens  and  algie.  Large  quadratic 
eiystals,  difficultly  aoluble  in  alcohol  and  insoluble  in  ether.  M.  Pt, 
112°.  B.  Pt.  about  300°.  Yields  secondary  butyl  iodide  when  heated 
with  hydriodic  acid,  (pp.  84  and  63,  3  b). 

Hltro-erytbiite.  CiHfltO.KO,)^,  forms  glancing  plates,  and  reeembtea 
nitro-glyeerine  in  exploslbility. 

2.  Pentatomlc  alcohals  oF  the  methane  seriea  are  unknown.  (Cf. 
Queroite). 

3.  Hexatomie  Alcohola.  Mannite,  C„H„Oa,  =  CeHg(OH)a. 
(Proud,  1800),  is  found  in  many  plants,  for  instance,  in  the 
larch,  in  Viburnum  Opulus,  in  celery,  in  the  leaves  of  Syringa 
vulgaris,  in  sugar  eane,  in  Agaricus  integer  (of  the  4t^  awV 
aUBEB  of  which  it  forms  20%),  in  rye  bread,  and.  eaip^^mW^  \jv 
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the  manna  ash,  Fraxinus  ornus,  the  dried  juice  of  which  con- 
stitutes manna.  It  can  be  prepared  from  grape  sugar,  or,  stiU 
better,  from  fruit  sugar,  from  which  it  only  differs  in  composi- 
tion by  containing  two  atoms  of  hydrogen  more,  by  reduction 
with  sodium  amalgam : 

Fine  needles  or  rhombic  prisms,  easily  soluble  in  cold  water 
and  boiling  alcohol.  M.  Pt  166°.  When  heated  it  is  con- 
verted into  its  anhydrides,  Mannitan,  C^H^j^s'  ^^^  Mannide, 
CqHjqO^.  Cautious  oxidation  converts  mannite  first  into 
laevulose,  (B.  19,  911),  mannose  (p.  289)  being  formed  at  the 
same  time.  Nitric  acid  oxidizes  it  to  saccharic  acid,  while 
hydriodic  reduces  it  to  hexyl  iodide,  (p.  66). 

Nitro-mannlte,  C«Hg(0.N02)«,  forms  glancing  needles  and  is  explosive. 
The  Acetate,  CqH^{O.C fifi)^,  is  prepared  from  acetic  anhydride. 

IHQcite,  Tfielampyrine,  Cfi^iOJl)^  is  isomeric  with  mannite  and,  like 
the  latter,  is  widely  distributed  in  nature,  being  found  e.g.  in  the 
varieties  of  melampyrum  and  evonymus,  in  the  dulcite  manna  of 
Madagascar,  etc.  Large  monoclinic  prisms.  Nitric  acid  oxidizes  it  to 
mucic  acid,  and  hydriodic  acid  reduces  it  to  the  same  hexyl  iodide  as  in 
the  case  of  mannite.  The  reason  of  the  isomerism  of  these  two  com- 
pounds is  not  yet  known. 

Sorbite,  CgHi40(j  +  ^HgO,  is  related  to  the  above. 

The  carbohydrates  are  closely  related  to  the  hexatomic 
alcohols.  The  latter  differ  from  the  former  in  not  being 
fermentable  by  yeast,  in  not  reducing  an  alkaline  cupric 
solution,  dulcite  alone  excepted,  and,  excepting  iso-dulcite, 
in  being  optically  inactive. 


Oxidation  Products  of  the  Polyatomic  Alcohols. 

By  the  oxidation  of  the  polyatomic  alcohols  there  result,  or 

may  result,  not  only  aldehydes,  ketones  and  acids,  but  also 

numerous  compounds  which  possess  a  double  chemical  nature 

in  80  far  as  they  unite  in  themselves  the  characteristics  of 

several  of  these  classes  of  compounda.    TVie^^  ^t^  xJ&fe  ^^^t^V^^cl^- 
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dlcohols,  which  are  at  the  same  time  aldehyde  and  alcohol,  the 
ketone-alcoholE,  at  the  eanie  time  ketone  and  alcohol,  the 
alcohol-acidB,  aldehyde-acids,  kc tone-acids  and  ketone-alde- 
hydes. 

An  aldehyde- acid,  for  inetance,  is  cajiable,  aa  an  acid,  of 
forming  salts,  ethers  and  amides  on  the  one  hand,  compounds 
■which  poBseas  all  the  characteristic  properties  of  the  ethers, 
etc. ;  and  on  the  other,  as  an  aldehyde,  it  is  able  to  reduce  an 
ammoniacal  silver  solution,  to  combine  with  NaHSOj,  and  to 
react  with  hydroxyl amine,  etc. 

Summary  of  the  Oxidation  Produots- 

(a)  Of  the  dUtomio  di-primary  alcobola. 
CHO-^ 
CHO 

CH^OH— -  Glyoxal.  ^""^-^CO-OH 

CHj-OH  CO.  OH 

Glycol  \  _OiaUo  acid, 

\    CB^OH  CHj,OH  CHO    ^ 

^  CHO  >  CO.OH      >  CO.OH 

Glycollio  aldeliyde.  Glycollic  Bcid.  Glyoialic  acid. 
Poasibla   prodncte ;   diatomic    aldehydes,   dibasio    acids,    alcohol- 
Bldehydes,  oIcoliol-aaidB,  aldeliyde-acida. 


(6}  Of  tliB  diatomic  primaty-Becondiiry  alcoii'il; 


CH, 


CH.OH 

CH.J.OH-- 

K- Propylene 

giycoL 


CH, 

■CH.OH  — 
CHO 
[lActic  aldeliyde, 
nnkno'wn], 

Poaaibla     products ;      alJehyiie-alcoliolB,      bctoue-alcohola,      ketono- 
kldebydeB,  alcobol- acids,  ketonc-acids. 

(e)  Of  the  ditttomio  di-SBcoiidary  alcohols;  di-kut 
li^  or  olgobol-acida,  Cu). 
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{d)  Of  the  other  diatomic  alcohols  :  easy  to  tabulate. 

{e)  The  tri-  and  polybasic  alcohols  are  capable  of  yielding  the  most 
various  products  upon  oxidation,  especially  polyatomic  ketone-alcohols, 
alcohol  acids,  ketone-acids,  and  polybasic  acids. 


The  most  important  among  these  compounds  are  the  alcohol- 
acids,  (di-,  tri-,  etc.  atomic  monobasic,  tri-  etc.  atomic  dibasic 
acids,  and  so  on),  and  the  polybasic  adds ;  the  ketonic  acids 
also  call  for  especial  interest 


IX.  POLYATOMIO  MONOBASIO  AOIDS  AND 
COMPOUNDS  RELATED  TO  THEM. 

A.  t)iatomic  Monobasic  Acida 


Summary, 


GlycolUc  acid, 

CHaCOH)  (COaH) 
Oxy-propionic  acids, 

CaH4(0H)  (COaH) 
Oxy-butyric  acids, 

CsHeCOH)  (COaH) 


Oxy- valeric  acids, 

^       .  C^HsCOHXCOaH) 
Oxy-caproic  acids, 

CgHioCOH)  (COaH) 
etc. 


The  diatomic  alcohol-acids  or  diatomic  monobasic  acids  are 
compounds  which  unite  in  themselves  the  characteristics  of  an 
alcohol  and  of  an  acid,  and  are  consequently  capable  of  forming 
derivatives  as  alcohols,  as  acids,  and  as  both  together. 

These  derivatives  are  in  part  easily  saponifiable,  and  corre- 
spond therefore  with  the  acid  derivatives,  i.e,  the  compound 
ethers,  chlorides  and  amides;  in  part  they  are  relatively  stable 
as  regards  saponifying  agents,  and  therefore  correspond  with 
the  alcoholic  derivatives,  i.e,  the  ethers,  amine  bases,  etc.,  (see 
iabJe,  p.  211). 
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The  lowest  memberB  of  the  series  of  diatomic  monobasic 
ftcids,  which  are  at  the  same  time  the  most  important,  are 
glycollic  acid  and  lactic  acid,  both  syrupy  liquids  which  aolidiiy 
to  crystalline  masses  in  the  exsiccator,  and  easily  give  np 
water  to  form  anhydride. 

They  cannot  be  volatilized  without  decomposition.  They 
are  readily  soluble  in  water,  and  for  the  most  part  also  in 
alcohol  and  ether. 

They  are  termed  diatomic,  because  they  may  result  from 
the  oxidation  of  the  diatomic  alcohols,  and  contain  in  accord' 
ance  with  theory  two  hydroxyls.  As  acids  they  are  mono- 
basic. They  are  also  frequently  called  oxy-fatty  acids,  on 
account  of  their  being  derived  from  the  fatty  acida  by  the 
exchange  of  one  hydrogen  atom  for  hydroxy  1,  in  the  same  way 
aa  the  alcohols  are  derived  from  the  hydrocarbons : 
CHj— CO^,  acetic  acid ;  CH5(0H)— CO^H,  oxy-acetie  acid. 

We  may  also  regard  them  as  carboxylic  acids  of  tlie  raona- 
tomic  alcohols,  e.g.  lactic  acid,  CjH4(OH).C02H,  is  ethyl 
alcohol-carboxylic  acid. 

Formaliim.  1,  By  the  regulated  oxidation  of  the  glycols, 
(see  Summary,  p.  205). 

2.  From  the  fatty  acida,  through  their  mono-haloid  substitu- 
tion products,  the  halogen  of  these  being  easily  replaced  by 
hydroxyl,  either  by  means  of  moist  oxide  of  silver  or  often  by 
prolonged  boihng  with  water  alone.  Glycollic  acid  is  thus 
obtained  from  mono-chloracetic  acid  ; 

CHjCLCO^H  +  HaO   =   CHj(OH).COgH  +  HCl. 

For  a  reaction  of  these  haloid-substitution  products  in  a 
different  direction,  see  ;8-  and  y-oxyacids, 

3.  From  the  aldehydes  and  ketones  containing  one  atom  of 
carbon  less,  by  the  preparation  of  their  hydrocyanic  acid  com- 
pounds, (see  pp.  133  and  143),  and  saponification  of  the  latter. 
Thus,  from  aldehyde  is  produced  ethylidene  cyanliydrin,  and 
from  this  lactic  acid  : 
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Since  the  aldehydes  and  ketones  are  easily  got  from  the  correspond- 
ing alcohols,  this  reaction  furnishes  a  means  of  preparing  the  acids^ 
CnH2n(0H)  (COgH),  from  the  alcohols,  CnH2n+i(0H),  t.e.,  of  introducing 
carboxyl  into  the  latter  in  place  of  hydrogen ;  this  is  a  very  important: 
synthesis. 

4.  From  the  glycollic  cyanhydrins  by  saponification,  e,g. 
ethylene  lactic  acid  from  ethylene  cyanhydrin : 

CH2(0H)— CH2.CN  +  2H2O  =  CH2(0H)— CHa— CO2H  +  NH3 

The  cyanhydrins  being  easily  obtained  from  the  glycols,  this  for- 
mation of  oxy-acids  represents  an  exchange  of  a  hydroxyl  of  the  glycol 
for  carboxyl,  and  is  analogous  to  the  formation  of  acetic  acid  iram 
methyl  alcohol. 

5.  By  the  reduction  of  aldehyde-acids  or  ketonic  acids,  e.g,  lactic 
from  pyroracemic  acid  (p.  223).  This  reaction  corresponds  with  the 
formation  of  the  alcohols  from  the  aldehydes  or  ketones  by  reduction. 

6.  By  the  action  of  nitrous  acid  (NaOs)  upon  amido-acids  (see 
glycocoll) ;  a  reaction  analogous  to  the  formation  of  alcohols  from 
amines. 

Constitution  and  Isomers,  As  oxy-compounds  of  the  fatty 
acids,  the  acids  of  the  foregoing  series  can  exist  in  as  many 
modifications  as  there  are  possible  mono-haloid  substitution 
products  of  the  fatty  acids.  Thus  there  is  only  one  glycollic 
acid,  corresponding  to  mono-chloracetic  acid,  but  two  lactic 
acids — corresponding  to  a-  and  ^-chloro-propionic  acids — are 
possible,  and  both  actually  exist  j  they  are  designated  as  a- 
and  ^-oxy-propionic  acids : 

CH3— CHCl— COgH  CHg— CH(OH)— CO2H 

a-Chloro-propionic  acid.  a-Oxy-propionic  acid  or 

common  lactic  acid. 

CH2I— CH2— COgH  CH2(0H)— CH2-  CO2H 

^-lodo-propionic  acid.  j8-Oxy-propionic  acid  or 

ethylene  lactic  acid. 

From  the  two  butyric  acids  can  be  theoretically  derived : 
(a)  From  the  normal  acid : 

C  H  3 — CHg — GHj — COjHj 

7         /3         a 

an  a-,  p-,  and  7-oxy-butyric  acid  ; 
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2ch:>™-co,u. 

A  a-  and  jS-osy-iaobatjric  acid, 

Tlie  constitution  of  tliese  oxy-atids  in  often  apparent  from 
■heir  formation  alone.  Thus  the  preparation  of  common  lactic 
iid  from  aldehyde,  CHj^OHO,  according  to  method  3,  shows 
lat  it  containB  the  group  CH^ — -CH=,  "ethylidene";  it  ia 
■therefore  termed  "etbylidene  lactic  acid."  On  the  other  haDd 
*he  formation  of  ^-oxy-propionic  acid  from  glycol,  i.e.  glycol 
«yanhydrin,  according  to  4,  is  a  proof  of  its  containing  the 
£roup — OH3 — CHj — ,  "ethylene";  hence  the  name  "ethylene 
^actic  acid." 

The  bshaviour  of  the  oxy-atids  usually  eiplain*  their  conatitution 
miaoi  if  they  can  be  oxidized,  for  inetance,  to  dibaaio  acids  (which  con- 
"lain  two  uarboxylB),  then  they  mnat  cootaia  a  primary  alcohol  grgup, 
— CHj.OE,  since  only  such  a,  group  yields  a  new  oarboxyl  on  oxidation. 
Ethylene  tactic  acid  is  therefoco  a  "primary"  alcohol-acid.  Its  isomer, 
ethylidene  lactic  acid,  is  similarly  a  "secondary"  alcohol- acid,  while 
B-oxy-iaobutyric  acid  is  a  "tertiary"  alcohol-acid.  I.e.  acid  and  tertiary 
tdcofaol  at  the  sauiB  time. 

Behaviour.  1.  The  double  chemical  character  of  the  oxy- 
acida  will  be  gone  Into  more  particularly  under  gly collie' acid. 
Ab  acids  they  form  salts,  compound  ethers  and  amides ;  as 
alcohols  they  yield  ethers,  amines,  eta  Among  those  deriva- 
tives the  alcoholic  amines  of  the  acids,  the  so-called  amido- 
acids,  are  of  especial  interest.     (See  Glycocoll,  p.  212). 

2.  Tbe  oxy-acids  form  different  kinds  of  anhydrides,  viz, ; — 
(a)  as  alcohols,  (see  di-glycoUic  acid);  (6)  one  molecule  as 
alcohol  forms  with  a  second  molecule  aa  acid,  a  compound 
ether,  with  separation  of  H^O,  (see  glycoUic  anhydride) ;  (c) 
such  a  formation  of  ether  as  this  proceeds  a  second  time,  (see 
glycolide) ;  {d)  one  molecule  loses  H^O,  with  formation  of  an 
"intra-molecular"  anhydride,  a  so-called  lactone,  (see  p.  218). 

3.  For  behaviour  upon  oxidation,  see  p.  205,  and  also  the 
individual  compoundi,. 

t  Just  as  the  alcohols  go  into  uiofijiuH  with  s«paiAt\on  ul  "saV 


210  IX.   POLYATOMIC  MONOBASIC  ACIDS. 

can  many  of  the  oxy-acids,   especially  the  /?-,  be  transformed  into 
unsaturated  monobasic  acids.     (See  hydracrylic  acid,  p.  216)* 

5.  Halogens  oxidize  and  do  not  substitute. 

6.  Warming  with  HI  gives  rise  to  the  corresponding  fatty 
acids,  just  as  the  alcohols  are  converted  by  this  reagent  into 
hydrocarbons. 

7.  When  the  a-oxy-acids  are  warmed  with  dilute  sulphuric  acid, 
formic  acid  is  separated  and  the  aldehyde  or  ketone  which  would  give 
rise  to  the  acid,  according  to  method  3,  is  reproduced.  The  /3-oxy-acids 
on  the  other  hand  break  up  in  this  way,  and  also  when  heated  alone, 
into  water  and  acids  of  the  acrylic  series.  The  a-,  /?-,  7-,  etc.  oxy-acids 
also  differ  from  each  other  in  the  facility  with  which  they  form 
anhydrides.     (See  Lactones. ) 


GlycoUic  acid,  CH2(0H)— CO.OH,  (Strecker,  1848). 

Occurrence.  In  unripe  grapes  and  in  the  leaves  of  the  wild 
vine,  etc. 

Formation,  (See  also  p.  207.)  1.  By  the  oxidation  of  glycol 
with  dilute  HNOg,  (fFwrtz). 

2.  Together  with  glyoxal  and  glyoxalic  acid,  by  the  oxida- 
tion of  alcohol  with  dilute  HNOg.  Further,  by  the  oxidation 
of  glucoses  by  AggO,  (A.  205,  193). 

3.  By  the  reduction  of  oxalic  acid  with  Zn  +  HgSO^. 

4.  Preparation  from  mono-chloracetic  acid,  according  to 
p.  207 ;  best  when  boiled  with  marble.     (A.  200,  76). 

Properties.  Colourless  needles  or  plates,  stable  in  the  air, 
and  easily  soluble  in  water,  alcohol  and  ether.  M.  Pt.,  80°. 
Nitric  acid  oxidizes  it  to  oxalic  acid.  The  alkaline  salts  are 
hygroscopic,  the  calcium  salt  and  the  magnificent  blue  copper 
salt  sparingly  soluble  in  water. 

Derivatives.  (See  table,  p.  211.)  As  an  acid,  gly collie  acid 
forms  salts,  compound  ethers, — e.g.  glycollic  ethyl  ether, — a 
chloride,  glycoUyl  chloride,  and  glycollamide,  all  of  which  are 
readily  saponified,  some  of  them  even  on  warming  with  water. 
All  those  derivatives  still  retain  their  alcoholic  character.  If, 
on  the  other  hand,  glycollic  acid  forms  derivatives  as  an  alcohol, 
the  properties  of  the  alcoholic  derivatives  in  question  are 
combined  with  those  of  an  acid,  smc^  \)\i^  Vi^dYQit^l  of  the 
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'  alcoholic  group,  — CHyOH,  enters  into  reaction,  while  the  car- 
toxyl  group  remains  unchanged.     These  derivatives  are  either 
ethers,  such  as  ethyl-glycoUic  acid  (see  table),  or  e.g.  amines, 
auch  as  glycocoll,  and,  as  alcoholic  derivatives,  they  are  not 
Baponifiable ;  or  they  are  compound  ethere  of  glycoUic  acid  ae 
alcohol,     e.g.     acetyl-glycollic    acid,     CH5(0.CaH„0)— CO^H, 
or     mono-cbloracetic     acid,     CHa-Cl— CO^H      (the      hydro- 
chloric ether  of  glycollio  acid),  and  then  they  are  of  course 
Baponifiable.     These  latter  compounds  still  retain  their  acid 
eharacter  and  therefore  form,  on  their  part,  compound  ethers, 
chlorides  and  amides,  which  are  readily  broken  up  backwards 
by  Baponification.     The  following  table  gives  a  summary  of 
the  more  important  derivatives  of  glycoUic  acid. 

Aoid  DerivativeB. 

Alcoholic  Derivfltivea. 

Mixed  Derivatives. 

CH,{0H)-CO.0Na 
Bwfium  glyoollBte. 

CH,(ONa)-CO.ONa 
Di-Bodium  glycollate. 

Hyffrosoopio  j  deoomp. 

by  a,0  into  Na  Bait  and 

CH„(OH)-CO.OCjH. 

Ethyl  glycollatc. 

Liquid,  B.  Pt  160°. 

CH,(0C,H,)_CO.OH 
Ethyl-glycollic  aoid. 
Liquid,  B.  Ft  206°. 

CH,(OC,H.)-CO(OC,H,) 
Ethylio  ethyl-glyoolkte. 

CHJOH)— CO.CI 

GlycoUyl  chloriilB, 
Oil :  decompoaea  on 

CH,C1-C0.0H 

Mono-chloraoetio 
add. 

CHjCl-COCl 

Mono-chlor-aoatyl 

chloride.    Liquid,  6.  Pt 

120°,  of  suffocating  odour. 

CH5(0HJ^C0.NHi 

GlycoUamido. 

CrjB.    M.Pt  120°;  does 

not  form  Halta  with 

bos™. 

CH,(NH,)-CO,OH 

"GlyJiKoU. 

Crys.     M,  Ft.  170°. 

Poi-mB  salts  with  acids 

and  bases. 

CH,[NH,>-CO(NH,) 

GlycoGoUamide. 

Crya. 

teme  an  aeid  and  a  mercnptan  ;  to  those  of  the  third  row  Imloiig  mixed         1 
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Anhydrides  of  Olyoollio  add.  1.  Di-glycollic  add,  C4H0O5,  = 
0(CH2 — CO.OHJs,  is  an  alcoholic  anhydride  and  a  dibasic  acid.  It  is 
obtained  e.g.  by  boiling  mono-chloracetic  acid  with  lime.  Large 
rhombic  prisms.  Being  an  alcoholic  ether,  it  is  not  saponified  on  boil- 
ing with  alkalies,  bat  on  heating  with  concentrated  hydrochloric  acid 
to  120". 

2.  OlycoUic  anhydride,  C4H8O5,  =  CH,(OH)— (X).O(CHjr-CO.OH), 
is  a  compound  ether-anhydride,  which  is  formed  upon  heating  glycollic 
acid  to  100°.     It  becomes  hydrated  again  when  boiled  with  water. 

CHj— 0— CO 

3.  OlycoUde,   C4H4O4,  =    1  I        is  an  ether-acid  anhydride 

CO — 0— CHa, 

isomeric  with  fumaric  acid,  which  results  when  glycollic  acid  is  heated 
strongly.  It  is  a  powder,  almost  insoluble  in  water,  and  also  becomes 
hydrated  again  upon  boiling  with  water. 

Olycocoll,  glycocine,  amido-acetic  acid,  CH2(NH2) — CO.OH, 
(Braconnot,  1820).  This  is  the  simplest  representative  of  the 
important  class  of  "  amido-acids,"  so  called  because  they  are 
derived  from  the  fatty  acids  by  the  exchange  of  a  hydrogen 
atom  of  the  hydrocarbon  radicle  for  amidogen,  e.g.  CHg.COgH, 
acetic  acid ;  CH2(NH2).C02H,  amido-acetic  acid.  Its  methods 
of  formation  include  those  of  the  other  amido-acids. 

Formation,  1.  By  heating  mono-chloracetic  acid  with 
ammonia : 

CH3CI— CO2H  +  2NH3  =  CH2(NH2)— COgH  +  NH4CI, 

(Heintz,  A.  122,  261).  Di-  and  Tri-glycollamic  acids, 
NH(CH2— C02H)2  and  N(CH2— C02H)3,  are  produced  at  the 
same  time. 

a-Ghloropropionic  acid  in  like  manner  yields  alanine  with 
ammonia,  (see  lactic  acid),  and  so  on. 

2.  By  boiling  glue  with  alkalies  or  acids. 

3.  Together  with  benzoic  acid  by  decomposing  hippuric 
acid,  i.e.  benzoyl-glycocoll,  by  HCl : 

CH2[NH(C0C6H5)]-C0aH-}-Ha0    =   CHa(NHa)C02H  +  CeH5C0.0H. 

Hippuric  acid.  Benzoic  acid. 

4.  Together  with  cholic  acid,  by  the  analogous  decomposition  of 
glycocholic  acid,  C28H43NOg. 

5.  From  cyano-carbonic  ether,  CN — CO.OC2H5,  and  nascent  hydro- 
gen, or  from  cyanogen  and  hydriodic  acid  : 

CN— CN  +  2H2 -t- 2H.p   =   CHgCNHj)— CO.OH  +  NHj. 


6.  (Of  tho  homolognes  of  glycocoll)  :  By  treating  ethylidede-cyan- 
bydnn  (p.  133)  eto.  with  atcohotic  uamoma,  oifaJdehyile-aiimioDias  with 
hydrocyaniG  acid,  amido-oyanidea  are  formed,  e.g.  CHj— ,CH(NH])(CN), 
which  are  saponified  to  amtdo-acidH  upou  boiling  with  HCl. 

Properlies.  Glycocoll  forma  large  coloorlesa  rhombic  prisms, 
easily  soluble  in  water,  but  insoluble  in  absolute  alcohol  and 
ether.  It  has  a  sweet  taste,  hence  the  name  "gelatine  sugar" 
or  glycocoll  (yXvxi^,  sweet,  koAAo,  glue).  It  melta  at  170°, 
and  decomposes  on  being  heated  more  strongly. 

Behatiour.  Glycocoll,  like  all  the  amido-acids,  unites  in 
I  itself  tlie  properties  of  a  base  (being,  as  an  alcoholic  amine,  non- 
f  Baponifiable)  and  tbose  of  an  acid.  It  therefore  forma  salts  with 
acids  as  well  as  with  bases,  e.g.  glycocoll  hydrochlomte, 
CgH^NOyHCl,  which  crystallizes  in  prisms,  and  the  char- 
acteriatio  copper  salt,  glycocoll  copper,  (CjH4NOj}3Cu  +  HjO, 
which  crystallizes  in  blue  needles,  the  latter  being  obtained  by 
dissolving  copper  oxide  in  a  solution  of  glycocoll.  Most  of  the 
other  amido-acids  also  form  characteristic  copper  salts  of  this 
nature,  which  serve  for  their  separation,  Glycocoll  also  yields 
compounds  with  salts,  and,  as  an  acid,  forms  an  ethyl  ether, 
amide,  etc.,  (see  table,  p.  211).  Heated  with  BaO,  it  is 
decomposed  into  methylamine  and  COj,  while  N^Og  converts  it 
into  glycoUic  acid,  (the  normal  reaction  of  the  primary  amines). 
Terric  chloride  produces  with  it  au  intensive  red,  and  copper 
salts  a  deep  blue  colouration. 


Gomlilation,    (see   B.    16,    2650).      Free   glycocoll  may  be 
regarded   as    an    intramolecular  salt,    corresponding   to  the 

formula,  CH^-c^qq  fC^>  i^°^  betalne). 

Alkyl  derivatives  of  Glycocoll : 

Methy  1-gly  cocoll        Tri  -methyl  -glycocoll 
or  Sarcggine,  or  Betalne, 

OH^N(CHa)^ 
CO.O  -^ 

(contained  in  beetroot 
Mid  related  to 
oboliDo). 


CH,— HH(CH,) 
CO.OH 

(a  decomposition 

prodact  of  oreatiiie 

and  (Htfieine). 


Acetyl-glycocoU 
or  Acetaric  acid, 
CHj— NH(CjHjO) 
CO.OH. 
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The  above  have  all  been  prepared  synthetii-ally. 

Lactic  acids,  CgH^Og,  =  C.H4{0H)(C0^H}.  {JFislicemtt,  ' 
A.  128,  1;  166,3;  167,  302,  "346).  Ab  has  been  already-' 
mentioned  at  p.  208,  two  isomeric  lactic  acids  are  theoretic — 
ally  possible,  viz.,  a-  and  /3-oxy- propionic  acids,  or  ethjlidene — 
and  ethylene-lactic  acids.  Both  are  known,  the  former  bein^E 
the  common  lactic  acid.  There  exists,  however,  in  addition^ 
to  these,  a  third  modification,  aarco-lactic  acid,  which  i^ 
chemically  identical  with  the  a-acid,  but  differs  from  it  in^ 
physical  properties. 

The  roinuta  inveBtLgation  of  tha  different  lactio  acida  has  been  of  very  "" 
great  importance  tor  the  development  of  chemioal  theory ;  tliey  were  ■ 
formerly  held  to  be  dibasic,  aud  tbe  recognition  oi  their  diatomia  4 
nioDobaalc  Datnre  has  materially  contributed  to  the  accepbatioa  of  tha> 
theory  of  the  linking  of  atoms. 


Modes  of  Formation.  Fermentationlacticacid.     Ethylene-Ikodo  aoid. 


a.  By  the 
of  hall 
hydroxy] 


exchange^ 
bfien  fori 
tyl  from  J 


n  of  NjOaj 

.  By  the  tednctionl        Pyro-r 

of  /      CHj— CO— CO.OH. 

6.  By  the  lactic  fermentation  of  sugar,  etc. 


(3.Propylene  glycol. 


I 


1.  Bthylidene-Iaetio  acid,  CHg— CH.(OH)~COjH.  Dis- 
covered by  Sckeele,  and  recognised  as  oxy-propionic  acid  by 
Kolbe.    Occurs  in  opium,  sauerkraut,  and  in  the  gastric  juice. 

Preparation.  This  depends  upon  the  so-called  lactic  fermen- 
tation of  sugars,  e.g.  milk,  cane  and  grape  sugars,  and  of 
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SnbstancGS  related  to  them,  bucIi  rb  gum  and  starch ;  it  is 
«ffected  in  presence  of  decaying  alburainoua  compoumla,  for 
I,  old  cheese,  by  the  action  of  oval  micro-organisms— 
(lactic  bacteria) — if  the  solution  is  nearly  neutral.  This  last 
condition  ia  attained  by  the  addition  of  zinc  white  or  cbalk  to 
the  fermenting  mixture.  The  fermentation  is  completed  in 
eight  to  ten  days  at  a  temperature  of  iO'-iS";  should  it  be 
prolonged,  it  changes  into  the  butyric  fermentation  (p.  159). 
The  free  acid  is  then  liberated  from  the  lactate  of  zinc  by 
sulphuretted  hydrogen. 

Lactic  acid  is  also  produced  in  large  quantity  by  heating 
grape  or  cane  sugar  with  caustic  potash  solution  of  a  certain 
degree  of  concentration,  (B.  15,  136). 

The  relations  of  luetic  acid  to  the  sugar  varieties  appear  at  a 
■aperticial  glance  to  be  very  simple  ;  thus  grape  sugar,  CgH^Oj,  and 
lictic  acid,  CjHoOa,  are  polymers. 

Properties.  The  acid  has  not  been  obtained  free  from 
water.  When  its  solution  is  evaporated  in  an  exsiccator,  a 
thick,  non-crystallizing  and  hygroscopic  syrup  is  got, 
which  is  miacible  with  water,  alcohol  and  ether,  and  which 
gradually  gives  up  water,  with  the  formation  of  (solid)  lactic 
anhydride,  CgHjoOj,  before  all  the  water  of  solution  has  been 
got  rid  of.  When  heated,  it  partly  goes  into  the  anhydride, 
Uctide,  CgHgOj,  and  partly  breaks  up  into  aldehyde,  CO,  and 
fijO.  Similarly  it  decomposes  into  aldehyde  and  formic  acid 
upon  heating  with  dilute  sulphuric  acid  to  130°,  concentrated 
■ulphuric  giving  rise  to  carbon  monoxide  instead  of  formic 

CHj— CH(OH)— COjjH  +  HjO  =   CHj— CHO  +  HCO^H. 

Upon  oxidation  it  yields  acetic  and  carbonic  acids ;  hydro- 
>romic  acid  converts  it  into  a-bromo-prop ionic  acid,  and  boiling 
■frith  hydriodic  acid  into  propionic  acid  itself. 

Calcium  lactate,  (C3H,0a),Ca  +  5H,0 :  warty  masaes  of  microsBopic 
thombic  needles.  Zinc  laotata,  (CiHoOsJaZa  +  aHjO  :  glancing  needles. 
roiToiiB  lactate,  (CgHgOiJiH-SHgO  :  bright  yellow  needles;  both  tba 
ferrous  a,ud  zinu  salts  are  used  in  medicine.  Whoa  sodium  lactate  is 
fceated  with  sodium,  Dl-BadiDni  lactate,  CHg— CE(ONa)— CO,Na,  which 
the  same  time  a  Mtlt  and  an  alooholate,  is  formed. 
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The  Derivatives  of  lactic  acid  are  derivatives  of  it  either 
as  acid  or  as  alcohol,  and  are  perfectly  analogous  to  those  of 
gly collie  acid,  (see  table,  p.  211).  Thus  Ethyl-lactic  acid, 
GHg— CH(OC2H5)— COgH,  a  thick  acid  liquid  which  boils 
almost  without  decomposition,*  corresponds  to  ethyl-glycollic 
acid ;  Ethyl  lactate,  which  can  be  distilled  without  decomposi- 
tion, to  ethyl  glycollate;  Lactamide,CH3— OH(OH)— CO.NHj, 
to  glycollamide,  and  Alanine,  CH3— CH(NH2)— CO.OH,  to 
glycocoU.  Alanine  results  from  the  action  of  hydrocyanic 
acid  upon  aldehyde  ammonia  (see  p.  213),  and  forms  hard 
needles  of  a  sweetish  taste.  • 

By  the  action  of  PCI5,  lactyl  chloride,  CHg^CHOl-  CO.Cl, 
(p.  178)  is  formed;  as  the  chloride  of  a-chloro-propionic  acid 
it  yields  the  latter  acid  and  HCl  with  water.  The  acid  just 
named  is  therefore  to  be  regarded  as  the  hydrochloric  ether 
of  lactic  acid. 

The  following  anhydrides  of  lactic  acid  are  known  : 

1.  Lactylic  acid  or  Lactic  anhydride,  CgHjoOg,  which  is  analogous  to 
glycollic  anhydride,  and  forms  a  yellow  amorphous  mass  ;  2.  Lactide, 
C6H8O4,  analogous  to  glycolide,  (tables,  M.  Pt.  125°) ;  3.  Di-lactic  acid, 
CfiHjoOg,  the  alcoholic  anhydride,  analogous  to  di-glycoUic  acid. 

2.Ethylene-lacticacid,%c?mcrj//icacw?,CH2(0{l)--CH2-CO.OH, 
( Wislicenus,  A.  128,  1 ),  forms  a  syrupy  mass.  It  differs  from 
lactic  acid :  (a)  By  its  behaviour  upon  oxidation,  yielding 
carbonic  and  oxalic  acids,  and  not  acetic ;  {b)  By  not  yielding 
an  anhydride  when  heated,  but  by  breaking  up  into  water  and 
acrylic  acid,  hence  the  name  hydracrylic  acid ; 

CH2(0H)— CH2— COOH   =   CH2=CH— COOH  +  H2O ; 

(c)  In  solubility,  and  in  the  amount  of  water  of  crystallization 
of  its  salts,  {e.g,  zinc  salt :  +  4H2O,  very  easily  soluble  in 
water ;   calcium  salt :    +  2H2O). 

3.  Sarco-lactic  acid,  para-ladic  add,  active  lactic  acid, 
CHg— CH(OH)— COgH,  (LieUg),    This  occurs  in  the  juice  of 

*  By  the  entrance  of  the  ethylic  group,  the  hydroxyl  is  in  a  certain 
degree  paralysed  as  regards  its  action,  in  consequence  of  which  ethyl- 
lactic  acid  resembles  propionic  acid  much  more  nearly  than  lactic  acid 
itself  does. 
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flesh,  aTid  results  instead  of  ordinary  lactic  acid  in  certain 
ferraeu  tat  ions.  Its  properties  are  almost  identical  with  those 
of  the  latter,  for  instance,  it  possesses  an  equal  facility  in 
forming  lactide  or  aldehyde.  It  is  however  optically  active 
{dextro-rotatory),  and  its  salts  also  diffev  somewhat  from 
those  of  the  isomeric  acid;  thus  the  zinc  salt;  +  SHjO,  is 
much  more  easily  soluble,  and  the  calcium  salt :  +  4HgO, 
much  more  difficultly  soliihle  than  the  corresponding  common 
lactates. 

The  isomerism  of  para-lactic  acid  and  the  tactic  acid  of 
fermentation  can  hardly  depend  upon  a  difference  of  consti- 
tution, aince  their  chemical  behaviour  is  the  same,  but  arises 
most  prohahly  fipm  physical  grounds.  This  kind  of  isomerism 
is  therefore  termed  "  physical  isomerism,"  Either  modifica- 
tion can  he  converted  into  the  other;  thus,  common  lactic  acid 
becomes  optically  active  (  + )  by  the  action  of  fission  fiingua, 
(Penicillium),    For  further  details,  see  p.  32  and  under  tartaric 

Oxy-liatjTiti  adds,  (ese  p.  208). 

iS-Osy-lnitsTlc  acid,  CH^— CH(OH)— CH^— COjH,  a  lyrup,  is  related 
to  aldol  and  aceto-ftoetie  acid.  An  optically  active  ( — )  modification  ia 
contained  in  diabetic  urine  and  blood. 

7-Oiy-DutyTlc  add,  CHj(OH)— CHj~CHj— CO^H,  ia  only  capable  of 
exiatence  !□  its  Ealta  and  not  in  the  free  state,  as  it  breaka  up  into 
watei'  and  its  lactone,  butyro-laotone. 

a-Oxy-iBoSutyrto  add,  (CHs)s=C(OH)— COsH,  {Wurlz),  reaaltB  from 
acetone  cyanbydrin  (p.  142),  and  ia  therefore  alsn  called  acetocic  acid. 

Amldo-butyric  adds  are  known,  e.g.  Plperto  add,  C3H8(NR,)(C05H). 

Ozy-valerlc  addi.  Several  amldo -valeric  acids  have  been  prepared 
synthoticallj,  wliila  others  have  been  obtained  by  the  decomposition  of 
albumen  and  of  cooine  and  pipcridioe  derivatives,  and  have  also  been 
found  in  tbe  pancreas  of  the  ox, 

Oxy-capioic  acide.  Leucine  or  a-Amido-caproic  acid, 
CH3— OH3— CHg— CHs— CH(NH2)— CO,H,  is  a  derivative  of 
«-oxy-caproic  or  leucic  acid  (Strecker) ;  it  forms  fatty  glancing 
plates  and,  like  other  amido-acids,  is  nearly  related  to  albumen. 
It  is  found  in  old  cheese,  also  abundantly  in  the  animal  organ- 
ism in  the  gastric  salivary  gland,  and  in  the  shoots  of  the 
vetch  and  gourd,  etc.     It  forms,  along  with  tyrosine, 
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stant  product  of  the  digestion  of  albumen  in  the  small  intestine 
and  of  the  decay  of  albuminous  substances,  and  results  from 
the  latter  by  boiling  them  with  alkalies  or  acids.  It  also 
appears  to  have  been  prepared  synthetically.  It  closely  re- 
sembles glycocoll,  and  forms  a  characteristic  sparingly  soluble 
blue  copper  salt.  Leucine  is  dextro-rotatory,  a  laevo-rotatory 
modification  being  also  known  (B.  19,  Kef.  567). 

Conic  add,  C7H15NO2,  and  Homo-conic  add,  GgHj^NOg,  are  higher 
liomologues  of  leucine  which  have  been  prepared  from  conine. 

Ozy-stearic  add,  CigHggOg,  is  obtained  by  the  action  of  cold  cone. 
HsS04  on  oleie  acid — (addition  of  HjO) — and  forms  a  white  mass.  Its 
sulphuric  ether  or  Gzy-Btearo-snlphnrlc  add,  CigHsgOsCGSOsH),  is  of 
importance  for  the  manufacture  of  Turkey  red. 

Coccerylic  add,  CgiELgjOs,  occurs  in  cochineal  wax,  combined  with 
cocceryl  alcohol. 

The  two  following  are  diatomic  monobasic  acids :  Bldnoleio  add, 
GX8H34O3  from  castor  oil,  and  its  isomer,  Bapinic  add,  Cju'Bl^O^,  from 
rape  seed  oil. 

Appendix,  Lactones.  The  7-oxy-acids  (see  7-oxy-butyric  acid)  are 
very  unstable  in  the  free  state,  so  that  when  an  acid  is  added  to  their 
salts,  not  the  oxy -acids  themselves  but  anhydrides  are  obtained,  e.g, 
butyro-lactone,  (see  p.  209)  : 

CH2(0H)— CHa— CHa— CO.OH  =  CHg— CHj,— CHa— CO  +  Hfi, 


These  lactones  are  to  be  regarded  as  intramolecular  anhydrides  {i,e, 
1  mol.  acid  - 1  mol.  H2O),  or  ethers,  the  acid  part  of  the  molecule 
etherifying  in  some  degree  the  alcoholic  part. 

The  lactones  of  the  7-oxy-acids,  "7-lactones,"  are  for  the  most  part 
neutral  liquids  of  faint  aromatic  odour,  easily  soluble  in  alcohol  and 
ether,  and  distilling  without  decomposition.  They  dissolve  in  alkalies 
to  the  salts  of  the  corresponding  oxy-acids,  and  form  brominated  fatty 
acids  with  HBr,  and  amido-acids  with  NH3. 

5-  and  /3-,  but  only  a  few  a-lactones,  from  5-,  j3-,  and  a-oxy-acids,  are 
also  known.  They  show  marked  diflferences  in  the  ease  with  which 
they  are  formed  and  in  their  stability,  the  y-lactones  being  the  most 
stable. 

The  formation  of  lactones  by  warming  the  unsaturated  acids, 
CnH2n-202,  which  are  isomeric  with  them,  with  HBr  or  with  moder- 
ately concentrated  H2SO4,  is  worthy  of  note. 

For  details,  see  Fittig  and  his  pupils,  A.  208,  37>  111 ;  216,  26,  etc. 
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B.  Tri-  to  hexatomic  monobasic  Acids. 

Name  and  Fonnnla. 

Remarks.                  ' 

A.  Triatoinic 
Eioida. 

{ Di  -  oxy  -  propionic 

acid) 

CH,(OH),(CO,H). 

Glyceric  uld. 

1.  inaclive ; 

2.  optioallj  active. 

From    glycer- 
ine. 

AlcoholicaminejSflTlnB, 
C,H,(0H](NU3)|C0^). 
from     Bilk -gum     and 
dilute  HsSOj;   analo-   , 
gous  ta  glycocoll.           ■ 

monobaflic 
acids. 

{Tri-oxy -butyric 

abid) 
CH/GHyCOiH). 
Erythiltic  add. 

rromerythrite; 

from  ItevnloBe 

with 
Ba(OH)j-HHgO 

1 

C.  Pentatomio 

monobasic 
adds. 

{Tetr-oxy-caproio 

acids) 
CsH,(OH)^(COsH). 

2  and  3.  leo-  and 
Mata-Bscchuiic 
acids. 

1.  From  grape 

sngors    with 
CaO  ;  2  and 
3.  from  milk 
sugar  in  the 
same  way. 

iHCtoiien,    e.g.    SaccH- 
ailne,      C„H,oOa     (iao- 
inuric    with    starch). 

D.  Hexatoinio 

mono  basic 

adda, 

( Pent-  oiy  -caproic 

CbH„(OH),(CO,H). 

1.  Hannltlc  add  ; 

2.  (iluconic  aoid  ; 

3.  Galoctonic  acid. 

1.  From  man. 
nite;  2.  from 

cano    sugar, 
etc.,       with 
brom.  water 
and  Ag^O  ; 
3.  from  miik 
sngar  in  an 

of  thp  dednctions  which  can  be  drawn  from  it  with  regard  to  the 
conatitution  of  the  HUgars.      (Cf.  E.  17,  1302  ;  IB,  2514.) 

Juat  as  the   glycols  yield   in    the  first  instance   diatomic 
moDobasio  acids  upon  oxidation,  compounds  which  poasesH  at 
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the  same  time  the  chairactei's  of  a  monatomic  alcohol  and  a 
monobasic  aciJ,  so  are  the  polyatomic  alcohols  at  first  con- 
verted (by  cautious  oxidation  in  the  air  in  presence  of  platinum 
black,  or  also  by  means  of  nitric  acid),  into  monobasic  acids, 
which  likewise  retain  the  characteristicB  of  a  mono-,  dj-,  tri-, 
etc.  atomic  alcohol,  i.e.,  into  tri-,  etc.  atomic  monobasic  acids.. 
These  correspond  entirely  with  lactic  acid  in  behaviour,  but,  jM.n 
alcohols,  are  polyatomic. 

.Since  the  oxidation  coneiets  in  the  conversion  of  a  — CH^.OH 
group  into  carboxjl,  the  resalting  aeidg  conieqnentlj  contain  u 
many  hydroxyls  as  the  original  alcohols,  this  number  being  again  ox- 
presaed  by  the  Hesignation  "  tri-,  tetra-,  etc.  atomic  monobasic  acids." 
The  number  of  alcoholic  hydroxy  la  in  the  molecule  is  determined — as  hi, 
the  ease  oF  tlie  potyatomiu  alcohols— by  the  unmber  of  acetyl  groapc 
which  can  be  introduced  upon  treatment  with  acetic  anhydride. 

The  law  which  applies  to  the  polyatomic  alcohols,  viz.,  that- 
only  one  hydroxyl  can  be  bound  to  one  atom  of  carbon,  also 
holds  good  for  the  alcohol-acids.  Their  carhon-atom  chain  ii^ 
the  same  as  that  of  the  mother  compound. 

Most  of  the  compounds  belonging  to  this  class  either 
crystallize  badly  or  are  gum-like.  A  number  of  these  acids 
also  result  from  the  cautious  oxidation  of  the  sugars  or  of  the 
unsaturated  acids,  CJi^.^O^,  (see  p.  164), 


O.  Aldehyde-aJcoholfl. 

1.  OlycoUle  aldehyda,   CHjIOH)— CHO.      Tliia   is   only   k: 

2.  Aldol,  CH5-CH(0H)-CHj— CHO.  A  condensation  product  of 
aldehyde,  see  p.  134  (  Wurtz).     It  forma  a  thick  liquid,  easily  aoinble  ii 

3.  Glyceric  aJdehyda,  CHs(OH)— CH(OH)— CHO,  is  the  aldehyde  o 
glyceric  acid,  and  ia  obtained  by  very  careful  oxidation  of  glycerine 
It  ia  only  known  io  solution.  It  acta  as  a  powerful  reducing  agent,  ant 
ia  changed  into  a  sugar  by  condensation.     (See  aerose.) 

4.  AraWnose,  CjHi„Oj,  =  CHj.OH— (CH.OH),— CHO,  ia  prodncei' 
by  boiling  gum  arahic  with  dilute  sulphuric  acid,  and  forma  dejttrO'' 
rotatory  prisms.  For  its  conatitution  see  Kiliani,  B.  30,  339,  1233. 
It  was  formerly  reckoned  among  the  glucoBes. 
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The  Sugars  are  also  to  be  lookeil  upon  as  aldeliydK-alcuhola 
ir  ketone -alcohols ;  they  will  be  treated  of  separately  (p.  28J). 


D.  Ketone-alcohols. 

Aoelona-alooliol,  acetol,  acelyl-carhinol,  CH,— CO— CHi.OH.  Onlj 
knowu  in  EUjtieoas  solation.  Ib  prepareii  fram  monobrom -acetone  and 
Ag,0,  and  b;  fusing  grape  sugar,  etc.,  with  potash,  (B,  IS,  837).  It 
reduces  FelUiny'a  Bolution  eveu  in  the  uold. 


S-  Diatomic  Aldehydes. 

aiyoxal,  CHO— CHO,  (Debus,  1856).  Foraed  by  the 
cautious  oxidation  of  alcohol  or,  better,  of  aldehyde.  White 
deliquescent  mass.  PossesBes  all  the  characteristic  properties 
of  aldehydes ;  being  a  diatomic  aldehyde,  its  bisulphite  results 
from  1  mol.  glyoxal  and  2  mols.  NaHSOg. 

Concentrated  ammonia  converts  it  into  Glfazaline,  C^HjN,,  a  strong 
Ijoae,  dE  a  faintly  finh-lilie  odour,  haring  probably  the  constitution : 
CH— N    ^ 

I  ^CH.    It  vields  interestiag  derivatives,  e.g.,  Ozal-ethyline. 
CH— NH/ 

CH— N  <v 

II  ^C— CH„  a  base  of  alkaloid  nature  and  o£  strongly 
CH— N(C^;,)/ 

poiaoQOUB  properties,  ( WaUach,  A.  184,  1 ;  B.  13,  511). 


P.  Diatomic  Ketones.    (See  also  p.  177.) 

1.  W-acBtyl,  di-kelo-bulane,  CHj— CO— CO— CH,.  This  can  be  pre- 
pared  by  treating  iso-nitroao -methyl  acetone,  CH3-CH(N.0H)-C0-UHj, 
(whicb  results  from  the  action  of  HNOg  on  methyl  aeeto-aoetio  ether) 
with  NaHSO,,  and  subsequently  boiling  with  dilute  E,SOi.  Yellow- 
greeu  lii^uid  of  quinone  odour,  ita  vapour  having  the  colour  of  chlorine. 
B.  Ft.  87°-88°. 

2.  Acetyl-aoetono,  CHj— CO— CHj- CO— CH,,  is  formed  by  tlia 
action  of  Al,Clg  upon  acetyl  chloride  [Combes^. 

3.  Aoetoiiyl-acetoae.rfi-ic(o-Ae3;ane,CHB— CO— CH,— CHa— CO  -CH, 
Prepared  from  monochlor-acetone  and  aceto-acetic  ether,  (p.  226;  B.  17, 

.87611). 


r 
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These  threo  componnda  are  the  slrapleat  repcesentatiTea  of  tha 
inlereBtiiig  class  of  di-ketones.  They  arc  diatinguiBhed  as  a.  ^, 
and  7,  (1 : 2,  1 : 3,  and  1 : 4}  di-ketoiiea  according  its  the  carbonyl  groupi 
are  close  together,  ( — CO— CO — ),  or  Heparated  by  one  oarhoQ  atom, 
{— CO— CH,— CO-),  or  by  two,  (— CO— CH,-CHj— CO— ).  They 
show  the  moHtvarying  behaviour  an  regards  condensation  with  nmmonla, 
phenyl-hydrazine,  etc.,  and  are  therefore  of  value  for  the  aynthssis  of 
the  derivatives  of  quinoline  (from  ^-)i  of  pyrazol  (from  ^-),  of  fnrfnrane 
and  pyrrol  (from  y-),  and  of  benzene  (from  a- di- ketones).  Their  con- 
stitution frequently  follows  directly  from  their  modes  of  formation. 


Q-.  Ketonealdehydes. 

We  have  also  becouie  acquainted  recently  with  ketonic-aldebydea, 
e.3.— 

Aoeto-acetlc  aldehyde,  CHj- CO— CH,— CHO,  the  aldehyde  of  aceto- 
acetic  acid,  which  results  from  the  "  condensation  "  of  acetone  and  ethyl 
formate  under  the  inSuence  of  sodium  ethylate;  it  is,  however,  incap- 
able of  existence  in  the  free  state.     {See  p.  226  ;  also  B.  31,  1144.) 


H.  Monobasic  Aldehyde-acids. 

Gly  oxalic  B.Gii,slyoxylicacid,CEO-CO^U,{oTGR{OB.)^-GO^B),^ 
occurs  in  unripe  fmita  such  as  grapes,  gooseberries, 
and  may  be  prepared,  e.g.,  by  auperhcating  dichlor-aceW 
acid,  CHClj— COjH,  with  water,  01^  being  here  exchanged 
for  0  or  2(0H).  It  crystallizes  in  rhombic  prisma,  caaily 
soluble  in  water,  and  is  volatile  with  steam.  The  acid  and 
most  of  its  salts  contain  1  mol.  H^O,  which  points  to  thA' 
formula  CHtOH^)— CO^H,  analogous  to  that  of  chloral  hydrate, 
from  which  it  is  derivable  by  the  exchange  of  SCI  for  0 
OH. 

Fonnyl-acetlc  add,  CHO— CH,— CO,H,  which  la  at  the  same 
the  semi-aldehyde  of  molonic  acid,  is  formed  as  ether  by  the  action  of 
sodium  upon  a  miitare  of  ethyl  formate  and  acetate  (see  p,  226). 
readily  oondeusible  to  trimesic  acid  (p.  430). 


I.  Monobasic  Ketonic  acids. 
Ketonic  ncida  are  coiiipumiiavf\ii.c\i^tis?«?.% '*.'!:  <iti6wiA\3M% 
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same  time  the  properties  of  acids  and  ketones ;  thus,  beaidea 
being  capable  of  forming  salts,  etliera,  etc.,  they  also  combine 
with  sodium  bisiOphite,  yield  oximes  with  hydroxy! amino 
hydrochiorate  (see  p.  142),  are  reduced  by  nascent  hydrogen 
to  secondary  alcohol-acids,  and  so  on.  The  moat  important 
membei^  of  this  class  are  pyroracemic  acid,  CH^ — CO — CO^H, 
aceto-acetic  acid,  CH^ — CO — CHj — CO^H,  and  levuliiiic  acid, 
CH,— CO— CH,-  CHg— COjH. 

Conslilntion  and  Nomeftciature.  The  ketonic  acids  are  charac- 
terized theoretically  by  the  presence  of  carboxy!  and  of  car- 
bonyl,  the  latter  being  linked  to  carbon  on  both  sides.  They 
may  be  derived  from  the  monobasic  fatty  acids  in  such  manner 
that  one  hydrogen  atom  of  the  radicle  of  the  latter  is  replaced 
by  an  acid  radicle  E — CO — ,  (in  the  cases  above  mentioned  by 
CHj — CO,  acetyl) — ,  as  the  name  aceto-acetic  acid  indicates. 
Levulinic  acid  is  tlierefore  ^-accto-propionic  acid,  and  pyro- 
racemic acid  is  acetyl-fonnic  acid ;  or,  tlie  ketonic  acids  are 
derived  from  the  fatty  acids  by  the  replacement  of  the  two 
hydrogen  atoms  of  a  CH^ —  group  by  an  atom  of  oxygen. 

The  position  o(  the  Dxygeo  atom  may  therefore  be  iiidicuted  by  tlis 
preSxes  a,  p,  and  -y,  etc. ,  an  in  the  case  of  the  oxy-aci<Ia  (p.  20S).  and 
the  haloid  aubatitutiuu  acida,  Pyroraceinii;  aoiii  ia  tliUB  n-koto-propioiiie 
acid,  aueto-BCetdc  acid  ia  ^-keto-butyric  acid,  and  levulinic  acid  is 
Y-keto-nomial -valeric  Bicid.      (Cf.  Baeyer,  B.   18,  160.) 

The  eonalittilion  of  the  ketonic  acliis  is  rb  a  rule  oasy  to  detenniQe, 

either  from  tho  mode  of  their  Byntheais,  or  from  their  trajiaformation  into 

tbe  correBpaoiiing  ajcohol-acida — (oxy-acids)^ — of   known   couBtittition, 

by  meana  of  nnscent  hydrogeo,  and  so  on.     For  the  cooatitution  of 

r   Aceto-acetio  acid  ase  alao  p.  227. 

I  While  tho  a-  nod  7-ketonic  aclda  are  stable  liquids,  some  of  which 
I  may  even  be  distilled,  the  jS-ketonio  acids  are  very  unstable  in  the  froe 
I  atftte  and  break  op  very  readily  into  CO,  and  the  corresponding  ketone. 

I  Pyroracemic  acid,  C^H,0„,  =  CI-I3— CO— CO3H,  is  a  liquid 
I  Trhicb  is  readily  soluble  in  water,  alcohol  and  ether,  boils  with 
I  alight  deajmposition  at  165°-170°,  and  smella  of  acetic  acid 
m.  tnd  extract  of  beef. 

ft      Formatim.     1.  By  the  dry  distillation  either  of  Uitlaivt  *i\ 
lie  add,  hence  its  Jiame. 
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2.  By  the  oxidation  of  lactic  acid  by  means  of  KM.n04. 

3.  By  saponifying  acetyl  cyanide  with  HCl,  {Claisen,  Shadtvell) : 

CH3— CO— CN  +  2H2O  =  CH3— CO— CO2H  +  NHj. 

Pyroracemic  acid  has  a  tendency  to  polymerize.  Its 
salts  crystallize  only  with  difficulty.  Nascent  hydrogen 
reduces  it  to  ethylidene-lactic  acid :  CH3 — CO — COgH  +  Hg,  = 
CH3 — CH(OH) — COgH,  from  which  reaction  and  from  mode  of 
formation  3,  its  constitution  follows.  It  possesses  in  a  marked 
degree  the  ketonic  property  of  forming  condensation  products, 
going  either  into  derivatives  of  benzene,  (B.  6,  956),  or — in 
presence  of  ammonia — into  those  of  pyridine.  Sulphuric 
acid  causes  it  to  condense  with  the  aromatic  hydrocarbons, 
just  as  in  the  case  of  the  ketones,  (B.  14,  1695). 

Cystine,  C^HigNgSgO^,  the  disulphide  of  amido-thio-lactic 
acid  or  cysteine,  C2H3(NH2)(SH)C02H,  is  to  be  regarded  as  a 
derivative  of  pyroracemic  acid,  (see  ethyl  di-sulphide).  It 
is  found  in  urinary  sediments  and  gravel,  (B.  18,  258). 

a-Keto-butyric  &cid,  propionyl-carboxylic  acid,  CHj — CHg — CO — COgH, 
resembles  pyroracemic  acid. 

Aceto-acetic  acid,  P-keto-butyrkacid,  OH3 — CO — CHg — COgH. 
A  strongly  acid  liquid,  miscible  with  water,  and  breaking  up 
into  acetone  and  carbonic  acid  upon  warming.  It  is  prepared 
by  the  cautious  saponification  of  its  ethyl  ether,  (B.  15,  1376  ; 
1871).  Its  aqueous  solution  is  coloured  violet-red  by  ferric 
chloride.  The  Na-  or  Ca-salt  is  sometimes  contained  in 
urine,  (B.  16,  2314).  Aceto-acetic  acid  may  also  be  looked 
upon  as  acetone-carboxylic  acid,  C3H50(C02H). 

Aceto-acetic  ether,  CH3 — CO — CHg— COgCgHg,  is  obtained 
in  the  form  of  its  sodium  compound,  sodio-aceto-acetic  ether, 
by  the  action  of  sodium  upon  ethyl  acetate,  (Geuthery  1863; 
Frankland  and  Duppa) : 

2CH3— CO.OC2H5  +  Na 

=  CH3— CO— CHlSTa— CO.OC2H5  +  CgH.OH  +  H. 

According  to  Claisen  (B.  20,  651),  there  is  first  formed  in  this 
reaction  some  sodium  ethyiate,  CgHgONa,  by  the  decomposition  of  a 
small  portion  of  the  acetic  ether,  and  this  then  combines  with  more 
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other  to  the  compoaaJ  CH,— C^OUllj,  whioli  ia  a  derivative  of  ortho- 

XoKa 
afetia  acid  (p.  175).      This  last  cocnpouiid  now  reacts  with  a,  further 
inoleaale  of  acetio  ether  to  yield  Bodio-aceto -acetic  ether,  with  aepora- 
tioD  of  2  niolB.  alcohol,  the  alcohol  thus  separated  yielding  Bodium 
ethylate  with  further  Bodium,  and  to  ou. 

By  this  aynthesia  2  mola.  oC  acetic  ether  combine  together  under  the 
influence  of  sodium  ethylate.  The  compound  ethers  homoIogouB  with 
acetic  ether,  and  also  mixtures  of  two  different  ethers,  behave  in  the 
aanie  way,  thus : 

X— CO.OK  +  HX'— CO.OR    =    X— CO-X'— CO.OR  +  R.OH. 
In  like  majmer  mixtnrea  of  ketones  or  aldehydes  with  compound  etbers 
can  be  "  condensed  "  by  means  of  BOdium  ethylatfl  to  ketone- aldohydes, 
di-ketones,  etc.     (Cf.  aceto-acetic  aldehyde,  p.  222.) 

The  ether  is  obtained  from  the  sodium  compound  upon  the 
addition  of  &cid.  It  is  a  liquid  of  neutral  reaction,  boiling  at 
181*,  only  slightly  soluble  in  water  but  easily  in  alcohol  aod 
ether,  and  of  a  pleasant  fruity  odour.  Ferric  chloride  colours 
its  aqueous  solution  violet-red.  It  is  split  up  upon  being  boiled 
with  alkali,  dilute  aqueous  alkali  or  baryta  water  (or  also 
dilute  sulphuiic  acid)  producing  mainly  carbon  dioxide, 
acetone  and  alcohol ;  ("  ketonic  decomposition  ") : 
CH3— CO— CHa— COsiC^Hj)  +  H^O 

=  CHj— CO— CHg  +  COa-HHO.CsHj,; 
very  concentrated  alcoholic  potash,  however,  produces  chiefly 
{2  mols.)  acetic  acid  ;  ("  acid  decomposition,"  Wislkenus) : 
CHa— CO— CHj— C02(C2Hj,)  +  2H,0 

=   2CH3— CO.OH  -t  HO.O.H,. 

One  atom  of  hydrogen  in  aceto-acetic  ether  is  easily  replace- 
able by  metala  (Geuther,-  Conrad,  A.  188,  269).  The  sodium 
salt  results  with  evolution  of  hydrogen  upon  the  addition  of 
sodium,  and  also  upon  mixing  the  alcoholic  solution  of  the 
ether  with  the  calculated  amount  of  sodium  dissolved  in 
absolute  alcohol : 

OJifisiC^B^)  -t-  CaHj.ONa  =  C^H^NaO^CC^Hj)  -i-  CaHj.OH. 
In  agreement  with  this  the  ether  dissolves  in  dilute  alkali,  being 
again  separated  from  the  solution  by  the  addition  of  acid. 
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Sodio-aceto  acetia  ether,  CHg— CO— CHNa— COaCaHj 
long  needles  or  a  faiutly  glancing  looae  white  mass.  Copper 
salt :  bright  green  needles. 


aceto-acetic  ether  follows  from  its  formatioil 
and  behnvinnr.  The  lattoF  shows  that  it  is  a  hydrogen  atom  of  tho 
methylene  gronp,  CHj,  which  is  replaceable  by  metals,  this  capability 
of  replacement  being  explained  by  the  acidifying  inflnence  of  the  two 
carbunyl  groups  which  are  directly  bound  to  the  methylene,  viz.,  the 
COof  the  group  CHj—CO,  and  the  CO  of  the  group  CO.  OH.  (CompM* 
the  relation  of  hydrateJ  carbonic  acid,  CO(OH)i,  to  two  molecules 
water,  H(OH).) 

The  metal  in  sodio-aceto-acetic  ether  is  readily  replace^ 
by  an  alcohol  radicle  by  the  action  of  iodo-  or  bromo-alkjij 
sodium  iodide  or  bromide  being  formed  at  the  eame  time. 
We  thua  obtain  alkylated  aceto-acetic  ethers,  e.g. : 

Hethyl-aceto-acetic  ether  or  Ethylio  methyl-aceto-acetat^, 
CH.,— CO— CH(CH3)— C02(CjH5),  and  the  corresponding 
Ethyl-  and  Propyl-aceto-aoetic  ethers,  etc.  In  these  com- 
ponnds  the  H  may  be  again  replaced  by  Na,  and  this  a. 
substituted  by  alkyl,  with  the  production  of  di-alkylated  aceto-- 
acetic  ethers,  e.g.  .■  Dime  thy  1-aceto-acetio  ether  or  Ethylic  di- 
methyl-aceto-acetate,  CHg^O-C(CH3)j-CO,{C2H5) ;  Methyl. 
ethyl-aceto-acetic  ether,  CH3-CO-C(CH3)(C2H5>-COg(C2HJ, 
and  BO  on. 

These  alkylated  acoto-aeetic  ethers  exactly  resemble  their' 
mother  substance,  especially  in  that  they  undergo  either  the- 
"  ketonic  decomposition  "  or  the  "  acid  decomposition,"  accord- 
ing to  their  degree  of  concentration,  upon  treatment  with, 
alkalies;  the  latter  decomposition  also  upon  treatment  with: 
dilute  acids,  (see  above,  also  A.  190,  275).  The  first-named 
decomposition  leaves  the  substituting  alcoliol  radicles  in  the 
acetone  residue  of  the  molecule,  and  the  last-named  in  one  oi 
the  two  resulting  acid  molecules,  Le.,  there  are  formed  either 
alkyl-acetones  (homologues  of  acotane),  or  alkyl-acetic  acids 
(homologues  of  acetic  acid).  We  have  thus  at  command  here 
a  most  excellent  method  for  the  synthesis  of  any  simple  or' 
double  alkyl  ketone  or  acid  ; 
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i.  CH,— CO— CKR'— CO3C5H,  +  H,0 

=   CH3— CO— CHEE'  +  HO.CyH,  +  00^; 
2.  CS3— CO— CRE'— COaCaH,  +  2H,0 

=  CH3— CO.OH  +  CURE'— COjH  +  HO.CjH^. 
{EE'  =  alcohol  radiclea.  Of.  IVislicenus  and  his  pupils,  A- 186, 
161.) 

In  a  perfectly  analogouH  manner  we  can  introiliice  acid  ingtead  of 
alkjl  radicles  into  aoeto-acetic  ether,  and  thereby  give  riae  to  the  oiout 
varioaa  campounda,  t.g,,  from  aeetylthloridG,  dl-soeto -Beetle  ether, 
(CHj— CO)aCH— C05(C,H,) ;  from  chloro-oarhonic  ether,  CI— COjC.jHj 
(p.  269),  aceMl-malonle  ether,  (CHj— CO)— CH(CO.C,HJ.j ;  from 
iDODDchlor-ocetic  ether,  CHjCI— COj(05Hb),  acBtol-Bnoctnlc  ether, 
CH,— CO— CH(CHj— COaCjHjJtCOjCjHs),  (see  mnlonic  and  auccinio 
uicida,  and  also  the  Byiitbesia  of  dibasic  acids),  etc.  Iodine  acta  apon 
Bodio-ocato-acetiu  ether  to  produce  dl-acetol  buccIilIc  etber,  which  is 
interesliiig  froin  ita  tranafonnationa,  thus  : 

CH^CO  -CHNa-COjCnH,  CH,-CO-CH-CO,C,H, 

+  I,  -  I  +  2NaI. 

CHs-OO-CHNa-COiCjHs  CHj-CO-CH-COjC^j 

Ohior-  and  Dlcblor-aceto- acetic  ethers,  which  are  very  active  chomi- 
oally,  are  produced  by  the  replacement  of  the  H  of  the  methylene 
gronp  by  CI.  The  two  methylene  hydrogen  utotiie  are  alao  replaceable 
by  the  iso-nitroso  group,  =N — OH  (by  the  action  of  NiOj),  and  by  the 
Imido group,  =NH,  (ct.  A.  22a,  284). 

In  many  rea^tiona  aceto-acetic  ether  behaves  aa  if  it  were  in  the 
first  instaocB  changed  into  the  iBomeric  form — the  peeudo-fonn — 
CH,C(0H)=CH-C0,(C,H5),  ^  oty-orotonic  ether.  (See  the  furfaruia 
group,  and  the  appendix  to  the  cyaiiogeo  compoauds.) 

LBTnUnlo  add,  CjHjOa,  =  CHj— CO— CH,— CH,— CO,H.  Plate 
crystals,  M.  Pt.  33°,  B.  Pt.  23W.  IJesults  from  the  action  of  acida  upon 
eaue  sugsr,  l^valoee,  cellulose,  gum,  starch  and  otlier  carho- hydrates, 
(A.  17B,  181  ;  20e,  207),  and  has  also  been  prepared  synthetically. 
It  is  employed  in  cotton  printing. 
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Dibasic  acids  are  those  which  are  capable  of  forming  two 
Beries  of  salts,  acid  and  neutral,  with  muuatomic  bases,  and 
■  likewise  two  series  of  others,  chlorides,  amides,  etc.  The 
dibasic  acids  proper  are  charactet'izod  thcoroticaUy  by  the 
presence  of  two  carboxyls  in  the  molecule. 
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These  acids  may  either  possess  the  acid  character  pure  and 
simple,  or  also  at  the  same  time  the  character  of  an  alcohol, 
eg,  lactic  acid ;  in  the  latter  case  they  still  contain  alcoholic 
hydroxyl.  A  distinction  is  drawn  between  diatomic  dibasic 
and  tri-,  tetra-,  etc.  atomic  dibasic  acids.  They  may  be  either 
saturated  or  unsaturated  compounds.  The  dibasic  carbonic 
acid  will  be  treated  of  later  on  (pp.  266  et  seq,), 

A.  Saturated  diatomic  dibasic  Acids,  G„Hs„_s04. 

Oxalic         acid,  CgHg  O^  Suberic  acid,  Cg  H^^O^ 

Malonic         „     CgH^  O4  Lepargylic,         „     C9  H^gO^ 

Succinic         „     C^Hg  O^  Sebacic  „     CjoH^gO^ 

Pyrotartaric  „     CgHg  O^  Brassylic  „     CuHgoO^ 

Adipic  „    CgHi^O^  Eocellic  „    Ci-^HggO^ 

Pimelic  „    C^HigO^  Dicetyl-malonic  „    C35Hg804 

Oxalic  acid  is  to  be  considered  as  the  isolated  groap  carboxyl, 
(C0.0H)2.  Its  homologues  are  di-carboxylic  acids  of  the  paraffins; 
thus,  malonic  is  methane-di-carboxylic  acid,  GH2(COsH)2,  etc. 

The  above  are  solid  crystalline  compounds  of  strongly  acid 
character,  and  most  of  them  are  readily  soluble  in  water. 
Upon  heating,  they  either  yield  an  anhydride  or  carbon 
dioxide  is  given  off,  (see  p.  230). 

Formation. — 1.  By  the  oxidation  of  the  di-primary  glycols. 
(See  table,  p.  206.) 

la.  By  the  oxidation  of  primary  oxy-acids  and,  generally,  of 
many  complex  compounds,  such  as  fats,  fatty  acids  and  carbo- 
hydrates. 

2.  By  the  saponification  of  the  corresponding  nitriles;  thus, 
oxalic  acid  is  formed  from  cyanogen,  and  succinic  acid  from 
ethylene  cyanide  : 

C2N2  +  4H2O    =    C2O4H2  +  2NH3. 
C2H4(CN)2  +  4H2O    =    C2H,(C02H)2  +  2NH8. 

Since  ethylene  cyanide  is  a  glycol  derivative,  its  conversion  into 
succinic  acid  represents  the  synthesis  from  a  glycol  of  an  acid  contain- 
ing two  atoms  of  carbon  more  than  itself,  i.e.  the  exchange  of  2(0H)  for 
2(C0aH),  or  the  indirect  combination  of  ethylene  with  2C0sH. 


2*.  By  the  eaponification  of  the  cyan o-fatty  acids  ([i.  171), 
au'l  conaequently  of  the  haloid  fatty  acids  also.  Thue  chlor-  or 
cyan-acetic  yields  malonic  acid,  ^-iodo-  (or  cyano-)  propionic, 
common  succinic  acid,  and  a-iodo-  (or  cyano-)  propionic,  ethy- 
lidene-acccinic  acid. 

A  dibasic  a^lA  can  therefore  be  formed  from  encb  oxy-Bcid  by  the 
c:ichange  of  OH  for  CO,H,  or  iodiroctly  from  a  tatty  acid  by  the 
replacement  of  H  by  CO5H. 

3.  The  homologues  of  malonic  acid  con  be  prepared  from 
malonic  acid  itself  by  a  reaction  exactly  analogous  to  the  aceto- 
acetic  ether  syntheaia,  (the  "  malonic  ether  eyntieais,"  p.  233). 

3*.  The  dibasic  acids  are  also  obtained  by  means  of  the 
aceto-acetic  ether  synthesis.  Acetyl-malonic  and  acetyl- 
succinic  acids,  which  have  already  been  mentioned  at  p.  227, 
yield  respectively  malonic  and  succinic  acids  by  the  separation 
of  acetyl,  ("  acid  decomposition  "). 

4.  For  further  modes  of  preparation,  see  under  succinic 
acid. 

The  CmdUution  of  the  acids  CuHj^.jO,  is  as  a  rule  very  easy 
to  determine  from  the  above-mentioned  modes  of  formation, 
especially  2  and  3.  According  to  these,  one  has  to  decide 
between  the  malonic  acids  proper,  i.e.  malonic  acid  and  Its 
alkylated  derivatives  (p.  234),  whose  two  earboxyl  groups  are 
both  linked  to  one  carbon  atom  : 

CHa(COaH)a,        E— CH(C03H)j,        ER'C(COsH)j, 
and  ordinary  succinic  acid  and  its  homologues,  which  contain 
the  carboxyla  boujid  to  two  different  carbon  atoms. 

The  diralent  acid  reBiilues,  C,Oj  =  "  oxalyl,"  CjHjOj  =  "  nialr.nyl," 
and  CfHflf  =  "Bnccinyl,"  which  are  combiued  with  the  two  hydroiyls, 
are  termed  the  radUlta  of  tbe  dibasic  acids. 

Ismters. — Isomers  of  oxalic  and  malonic  acids  are  neither  theo- 
retically possible  nor  actually  known.     We  know,  however,  two 

=™»MC  „id.,   viz.,   g;l™:°«    .nd   OH.-CH,CO.H),. 

Tlic  former  corresponds  to  ethylene   chloride  and  the  latter 
to    etliylidene    chloride,   from   wliicli    they    are    respecrivaly  j 
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derived  by  the  exchange  of  two  chlorine  atoms  for  two  car- 
boxyls.  Hence  the  names,  ethylene-  and  ethylidene-succinic 
acids. 

Since  ethylene  cyanide  can  be  prepared  from  the  chloride,  the  above 
derivation  of  ethylene-succinic  acid  is  also  an  experimental  one ;  this  is 
not  the  case  however  with  the  isomeric  acid,  since,  speaking  generally, 
when  several  chlorine  atoms  are  bound  to  the  same  carbon  atom,  as  in 
ethylidene  chloride,  they  cannot  be  exchanged  for  cyanogen. 

Behaviour, — Those  of  the  dibasic  acids  whose  carboxyls  are 
attached  to  different  carbon  atoms  yield  intra-molecular 
anhydrides  by  the  separation  of  a  molecule  of  water.  These 
anhydrides  result  in  part  by  direct  heating,  in  part  by  the 
action  of  phosphorus  pentachloride,  acetyl  chloride  or  carbon 
oxy-chloride  upon  the  acids,  (B.  10,  1881 ;  17,  1285).  They 
recombine  slowly  with  water  to  the  hydrates. 

The  "  malonic  acids,'*  on  the  other  hand,  lose  COg  on  being 
heated,  and  yield  monobasic  fatty  acids,  malonic  acid  itself 
giving  acetic  acid.  Similarly  oxalic  acid  breaks  up  into  COg 
and  formic  acid.  (Compare  the  analogous  formation  of  CH^ 
from  CHg — COgH.)  The  derivatives  of  the  dibasic  acids,  i.e. 
their  ethers,  amides,  etc.,  show  precisely  the  same  character- 
istics as  the  analogous  derivatives  of  the  monobasic  acids, 
especially  in  the  readiness  with  which  they  are  saponified. 

Summary. 


Derivatives. 


Acid. 


Neutral. 


Salts. 


Acid  sodium 
oxalate. 


^2^2|oNa 
Neutral  sodium 
oxalate. 


Ethers. 


^2^2|OH 

Ethyl-oxalic 
acid. 


Oxalic  ether. 


Chlorides. 


(only  known  in 
derivatives). 


\ 


C4H402|^j 

Succinyl 


Amides. 


CO. 


fNH, 


Oxamic  acid. 


Oxamide. 


\ 


Ab  in.  the  ease  of  the  glycols,  complication b  only  ensue  here 
either  where  mixed  derivatives  exist,  such  cif.  as  are  partly 
ether  and  portly  amide  (as  in  the  case  of  ethyl  oxamate,  p. 
233),  or  on  account  of  many  of  tho  acids  being  capable  of 
forming  imides. 

Snch  imides  are  derived  from  the  hydrogen-ammonium  salts 
of  the  acids  by  the  elimination  of  two  molecules  of  water, 
thus: 


^CO.OH   , 


NH, 


CO-. 


2H2O    =    C2H,<^g>NH. 

.sijy  saponiiiable,  (cf.  Buccini- 


Ozalic  acid,  addum  oxalkum,  C^'Rfi^  +  211,20.    This  acid 
has  been  known  for  a  very  long  time ;  it  was  investigated  by 


Ocearrenee.  In  many  plants,  especially  in  oxalis  aeetosella 
{wood  sorrel),  as  KHC^O^  in  varieties  of  Eumex,  free  in 
varieties  of  Boletus,  as  Na^CgO^  in  varieties  of  SaUcomia,  and 
as  calcium  salt  in  rhubarb  root,  etc. 

Formation.    (See  also  p.  228) : 

1.  By  the  direct  combination  of  carbon  dioxide  with  sodium 
at  360"  :  SCOj  +  Na^    =   CaO^Na^. 

2.  By  raising  sodium  formate  quickly  to  a  high  temperature : 

aHCO^Na   =    H^  +  CaO^Na^. 

3.  By  the  oxidation  of  sugar,  starch,  etc.,  with  HNO^,  or 
by  ftiBing  cellulose  with  the  hydrates  of  i)otash  ami  soda. 
This  last  method  is  followed  for  its  preparation  on  a  large 

e  freqaoncy  of  its  formation  in  procesaw  ot  oxidation  is  ex^luu^ 
a  cloaB  relation  to  carbonia  aciil,  which  is  ttie  iuvH.  pto&'onV  <A  tiSt, 
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Properties.  Fine  transparent  monoclinic  prisms  which 
effloresce  in  the  air.  Easily  soluble  in  water  and  moderately 
in  alcohol.  The  anhydrous  acid,  which  is  obtained  at  100*, 
can  be  sublimed,  but  it  decomposes  upon  rapid  heating  into 
carbon  dioxide  and  formic  acid,  or  into  carbon  dioxide,  carbon 
monoxide  and  water.  The  latter  decomposition  also  takes 
place  upon  heating  with  concentrated  sulphuric  acid : 

C2H2O4  =   CO2  +  CO  +  HgO. 

Oxalic  acid  is  stable  as  regards  nitric  acid  and  chlorine,  but 
permanganate  of  potash  or  manganese  dioxide  in  acid  solution 
oxidizes  it  to  carbonic  acid : 

C2H2O4  +  0  =   2CO2  +  H2O. 

Salts  and  Derivatives.  The  alkaline  salts,  acid  and  neutral, 
are  readily  soluble  in  water,  the  normal  sodium  salt  being  the 
least  so.  The  "salt  of  sorrel"  of  commerce  is  a  mixture  of 
C2O4HK  and  a  per-salt,  CgO^HK  +  C2O4H2  +  2H2O,  (cf.  p. 
157). 

The  calcium  salt,  C204Ca  +  HgO  (or  SHgO),  is  insoluble  in 
water  and  acetic  acid,  and  serves  for  the  recognition  of  oxalic 
acid. 

Ferro-potassic  oxalate,  (C20^)2FeK2  +  HjO,  finds  application  in  photo- 
graphy as  a  powerful  reducing  agent. 

Antimonic  oxalate  is,  like  tartar  emetic,  employed  as  a  mordant  in 
dyeing. 

Ethyl  oxalate,  oxcdic  etJier,  0204(02115)2,  which  can  be  directly  pre- 
pared from  its  components,  is  liquid,  while  Methyl  oxalate,  0204(0113)2, 
is  solid,  crystallizing  in  plates  which  melt  at  51** ;  both  of  them  possess 
an  aromatic  odour,  distil  without  decomposition,  and  are  easily  saponi- 
fiable.  Partial  saponification  (with  one  moL  KOH  in  alcoholic  solution) 
produces  e.g.  Potassium  ethyl-ozalate,  0204(02H5)K,  from  which  the 
free  Ethyl-oxalic  acid,  0204(02Hg)H,  which  is  readily  saponifiable,  and 
its  chloride,  Ethyl-oxalyl  chloride,  C02(C2H5) — 0001,  can  easily  be  pre- 
pared. The  normal  chloride  of  oxalic  acid,  O2O2OI2,  does  not  exist. 
Oxalic  ether  yields,  with  two  mols.  NHg,  oxamide,  and  with  one  mol. , 
the  mixed  derivative  oxamic  acid,  analogously  to  mode  of  formation  4  of 
the  amides  (p.  180). 

Oxamide,  0202(NH2)2»  the  normal  amide  of  oxalic  acid,  is  obtained, 
among  other  methods,  by  the  diBtiUation  of  ammonium  oxalate  (cf .  p. 
JSOJ,  by  the  partial  saponificatioii  oi  c^ano^eiL,  va^X^^  >2ii^  «a^<ss\.  ^ 
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bydrogea  dioxide,  H,0,,  upuu  hydrouyuiic  acid,  {B.  1 

white  cryatAlline  powder.     As  on  amide  it  in  easily  sapouifiublc,  and 

couvertible  into  cyanogen  by  tlie  aliatraction  of  H,0,  etc. 

Oisjnlc  add,  C,0,(NH,)(OK),  the  acid  amide  or  aminic  acid  of  oxalic 
acid,  results  from  the  heating  of  acid  oxalate  oE  ammonia.  It  is  a 
crystalline  powiler,  difficultly  soluble  in  cold  water. 

EtHyl  oramate,  oxamethanf,  CO(NHj)— CO.OC,Hj,  (see  above). 
Corresponding  to  ox  amide  we  have  Dl-metliyl  oxajnlds,  CU^NHUHj)  — 
CO(NHCHj),  and  corresponding  tooiamothane,Etliyl.aimethyl-oxaroate, 
CO(N[Cea]s)— CO.OCgH,.  both  already  mentioned  at  p.  113.  PCI5 
converts  oxamethane  into  Cyajio-oarbonlc  other,  CN— CO.OC.jH^,  a 
liquid  of  pungent  odour,  which  is  to  be  regarded  as  a  Hemi-nitriic  of 
oxalic  acid. 

Amldo-  and  Imldo-CbloTliiea  of  oxalic  acid  are  also  known. 
CO 

Oxtmide,    I    ~^NE,  is  got  by  the  action  of  FCl.  npoii  oxamic  acid, 

and  forma  colourlcas  prisms  easily  soluble  1 
reaction.      It  is  quickly  saponiBed  by  hot  wat 
Dxamide  by  ammonia,  (B.  18,  3228). 
MaloEic  acid,  CgHp^  =  CillCO^B.)^. 
Occurrence.     In  beetroot, 

Ftrrmaiwn.     (1)  By  the  oxidation  of  malic  acid  by  means  of 
cbromic  acid,   hence  its  name ;  (2)  by  the  saponification  of 
malonyl'Urea  (p.  282),  (Baeyer);    (3)  by  the  saponification  of 
cyan-acetic  aeid,  {Kolbe,  Mnller-,  A.  131,  348 ;  204,  121) : 
CH5{CN)— COjH  +  2H2O    =    CH3{COaH)3  +  NH^. 

Large  plates  or  tables,  readily  soluble  in  water,  alcohol  and 
stiier.  M.  PL  132°.  Decomposes  upon  heating,  as  given  at 
p.  230. 

Ethyl  malonate,  vtalmm  ether,  CR^^CO.OG^X-  This 
ether,  which  is  directly  obtainable  from  cyan-acetic  acid  by 
leading  HOI  gas  into  its  solution  in  absolute  alcohol,  is  a  liquid 
of  faint  aromatic  odour  boiling  at  195°,  and  having  a  remark- 
-able  similarity  to  aceto-acetic  ether.  Thus  the  hydrogen  of 
the  methylene  group  is  here,  as  in  the  case  of  the  latter, 
peijlaceable  by  sodium,  through  the  influence  of  the  catbony! 
groupa,  CO,  which  are  also  bound  to  the  methylene  ;  and  the 

idling  Bodio-malonic  ethor  readily  exQhaiige&  t\ia  TOa\ii.  ^t, 
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alkyl  upon  treatment  with  alkyl  iodide.  By  this  means  the 
higher  homologues  of  malonic  ether,  e,g,  methyl-,  ethyl-, 
propyl-  etc.,  malonic  ethers,  are  ohtained.  Further,  the  second 
hydrogen  atom  in  these  can  be  exchanged  in  exactly  the  same 
manner  for  sodium  and  then  for  alkyl,  whereby  di-alkyl 
malonic  acids  result.  This  is  an  important  method  for  the 
preparation  of  the  higher  dibasic  acids,  being  applicable  even  in 
complicated  cases ;  it  is  termed  the  "  malonic-ether  synthesis." 
(Cf.  Cmrad  and  BiscJioff,  A.  204,  121.) 

By  the  splitting  off  of  COg  from  these,  the  higher  monobasic  acids 
are  obtained,  (indirect  synthesis,  see  p.  150,  10*^). 

Upon  heating  malonic  ether  with  its  sodium  compound,  a  derivative 
of  phloroglucin  results.     (See  this,  also  B.  18,  3454.) 

Chloro-maldnlc  ether,  CHCl(C02C2Hg)2,  a  liquid  boiling  at  222"*,  is 
employed  in  analogous  syntheses,  and  otherwise  reacts  in  a  similar  way 
to  chloracetic  ether. 

Succinic  acids.  (1)  Common  Succinic  acid,  ethylene-succinic 
acid,  symmetrical  ethane-dicarboxylic  acid,  addum  succinicum  (from 
succinum,  amber),  COgH — CHg — CHg — COgH.  This  acid  has 
been  known  for  a  long  time ;  its  composition  was  determined 
by  Berzelius, 

Occurrence.  In  amber,  in  various  resins  and  lignites,  in  many 
compositse,  in  PapavaracesB,  in  unripe  wine  grapes,  urine,  blood, 
etc. 

Formation,  (a)  From  ethylene  cyanide,  according  to  2,  p. 
228 ;  (b)  From  ^-iodo-  (and  cyano-)  propionic  acid,  according  to 
2* ;  (c)  By  the  reduction  of  fumaric  and  maleic  acids,  C4H4O4 ; 

(d)  By  heating  its  oxy-acids,  malic  or  tartaric,  with  hydriodic 
acid,  and  also  by  certain  fermentations  of  these,  e.g.  from  the 
former  according  to  the  equation : 

C4H5(OH)04  +  2HI   =   C^HA  +  I^; 

(e)  As  a  bye-product  in  the  alcoholic  fermentation  of  sugar ; 
(/)  By  the  oxidation  of  fats,  fatty  acids  and  paraffins  by  means 
of  nitric  acid. 

Preparation.     From  calcium  malate  according  to  d,  by  fer- 
mentation,  or  by  the  distillation  oi  amb^T. 
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PreperHes.  Monoclinic  priBma  or  tables  of  an  uiipleagant 
faintly  acid  taste.  Rather  eaeily  eolubte  in  water.  M.  Pt 
185°,  B.  Pt.  235°.  Yields  snccinic  anhydride— (long  needleH) 
— upon  distillation.  For  its  electrolysis,  see  p.  49.  Ih  very 
stable  towards  oxidizing  agents. 

Of  tlie  iSDilts  of  Buccicic  >cid,  the  baaia  feiris  salt,  obtained  by  the 
adiiitioD  of  a  ferric  salt  to  ammoDium  enccinate,  U  iiaed  in  analysis  for 
the  separation  of  iron  from  alumina.      The  caluLiim  salt  ia  soluble  iu 

Tlie  Derivatives  of  succinic  acid  correspond  exactly  with  those  of 
oxalic,  t.g.  Encdnamlc  acid,  C^UtlCCUXCO.NH:),  is  aiiulogous  to 
oxamic  acid  ;  in  this  case,  however,  the  normal  chloride,  Bncdnyl 
cHloilde,  C,H,(C0C1)„  the  analogue  of  acetyl  chlonde  in  all  iti 
important  properties,  is  known.  In  addition  to  the  Amides,  there 
exists — as  in  the  case  of  other  dibasic  acids — sn  imide,  Succinlmlds, 
C,H,<Q;Jr>KH.  The  latter  crystallizes  in  rhombic  plates,  and  ia 
formed  by  beating  acid  succinate  of  ammonium.  The  basic  properties 
of  the  NH,  are  so  modifled  by  the  two  carbonyl  groups  of  Che  acid 
radicle  that  the  imido -hydrogen  ia  replaceable  by  metals,  such  as  K, 
Ag,  etc. 
Mono-  and  Dl-Uromo- succinic  adds,  C,HsBr[C0jH)2  and  CaHjErJCOjIlla, 
are  easily  prepared  and  are  valuable  for  the  syntheses  of  the  oxy-suc- 

By  the  action  of  sodium  upon  saccinic  ethyl  ether  there  is  formed 
■nccW-mcdnlG  elber,  CgHgO,(CO,C2EB)3,  a  derivative  of  benzene. 

For  AcBtol-  and  Dl-acetol-Baoclula  elben,  see  p.  227, 
{2)l80-8iiccinicacid,e(/iy/t(fene-5M(;nnw;a(«rf,CHg — 0H(CO2H)2. 
is  fonned  e.g.  by  the  malonic  ethor  synthesis,  or  from  a-chloro- 
(or  iodo-)  propionic  aciii,  (pp.  234  and  229).  Needles  or 
prisms.  Decomposes  npon  heating  into  CO,  and  propionic 
acid,  and  yields  no  anhydride,  (p.  230). 

Pyrotartaric  acids,  G^^lfiO^)^.  Of  these  four  are  known, 
this  being  the  number  theoretically  possible.  The  two  follow- 
ing may  be  mentioned  here  : 

1.  Glntaric  acid,  noriiud  pyrolarlarK  acid,  CO^H — CHj— 
CH^ — CH^ — COgH,  is  of  interest  on  account  of  its  relation  to 
pi  peri  dene. 

2.  Fyrotartario  «oid,   meOtyl-mcdnk  acid,   COiR — CS.^— ' 
^H(Cng)—COfH,  reaulta,  among  other  m^ftioAs,  akiTi^-wSSa, 
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pyroracemic  acid  by  the  dry  distillation  of  tartaric  acid,  by 
the  aceto-acetic  ether  synthesis,  etc.  Small  triclinic  prisms. 
M.  Pt.  1 1 2°.     Forms  an  anhydride. 

The  higher  hoxnolognies  (see  Sammary,  p.  228)  are  formed  along 
with  succinic  and  oxalic  acids  by  the  oxidation  of  fats,  oils,  cork,  etc., 
by  means  of  nitric  acid. 


B.  Unsaturated  dibasic  Acids,  GJl^^fi^, 

Fumaric  acid,\p  tt  /p^w  ttx         Itaconic    acid,l 

Maleic       „    j-^2^2l^^2^;2-       Citraconic  „     \G^B.^(C0^U)^ 

Mesaconic  „    J 
Hydro-muconic  acid )  rj  tt  q        Teraconic    „      C^Hiq04. 
Pyro-cinchonic     „    |    6    8   4*  Qf^ 

The  unsaturated  acids  stand  in  the  same  relation  to  the 
saturated  dibasic  acids  as  acrylic  acid  does  to  propionic.  As 
acids  they  yield  derivatives  analogous  to  those  of  the  acids 
CnH2n_204,  whlle  as  unsaturated  compounds  they  possess,  in 
addition,  the  faculty  of  combining  with  two  atoms  of  hydrogen 
or  halogen,  or  with  one  molecule  halogen  hydride. 

Formation.  1.  By  the  elimination  of  water  from  the  dibasic 
oxy-acids.  Thus  malic  acid  yields  upon  distillation  water 
and  maleic  anhydride,  which  volatilizes,  and  also  fumaric  acid, 
which  remains  behind : 

C,HA  =  C,HA  +  H^O. 

Citric  acid  yields  in  a  similar  way  COg,  HgO,  itaconic  acid 
and  citraconic  anhydride. 

2.  By  the  separation  of  halogen  hydride  from  the  mono -haloid 
substitution  products  of  succinic  acid  and  its  homologues,  mooobromo- 
succinic  acid  yielding  fumaric,  thus  : 

C4H5Br04-HBr  =  C4H4O4. 

2*.  From  the  analogous  di-substitution  products  by  the  separation 
of  the  halogen. 

The  cases  of  isomerism  among  the  acids  CnH2n_404  are  of 
great  interest  (see  next  page). 
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ConslUviion.  The  acids  of  tliie  series  may  be  regarded  aa 
di-carboKylic  acids  of  the  olefines,  e.g.  fumaric  and  tnaleic  acidB, 
CaHj(C0aH)2,  as  those  of  ethylene.     Their  mode  of  formation 

1.  corresponds  exactly  with  the  production  of  ethylene  from 
alcohol,  or  with  that  of  acrylic  from  ethylene-! actic  acid,  while 

2.  agrees  with  that  of  ethylene  from  ethyl  iodide. 

Halelo  acta,  C5H'j(C0jHtj.     large  priamH  of  a  grating  iiauaeons  acid 
taste,  very  readily  soluble  ia  cold  water.     DistiU  uncbanged,  excejitiug 
for   partial   trooafrirmation   into   miileic   nuhydride,   C,Hj(CO:)]0.     I« 
conveniently  prepared  by  heating  the  ai:etyl  derivativo  of  malic  acid,  ~ 
(see  p.  239,  also  B.  14,27911. 

Fomarlo  add,  C3H^(COjH)2,  Small  prisma  of  a  strong,  purely  acid 
taste,  almost  insoluble  in  cold  Water.  Sublimea  at  about  200°  with 
formation  of  maieic  onhyiirido.  Occars  in  Fumaria  officiualia,  varioug 
fnngi,  trafiles,  Iceland  moss,  etc.,  and  \tt  obtained  from  maloin  acid 
either  by  prolonged  heating  of  the  latter  at  130°,  or  by  the  aotioii  upon 
it  of  hydrobrDmic  or  other  acids. 

Both  acids  ore  converted  into  their  ethers  on  treating  tbeir  silver 
salts  with  alkyi  iodide,  these  ethers  also  standing  in  very  close  relation 
to  one  another ;  thus  ethylio  maleate  is  changed  into  ethyliu  fumarate 
when  warmed  with  Iodine,  and  the  latter  results  directly  from  the 
etherification  of  maleiu  acid  iu  alcoholic  solution  by  moans  of  ECl. 

Both  acids  yield  common  succinic  acid  with  uiiacent  hydrogen, 
and  probably  contain  in  consequence  the  same  carbon  chain,  which 
would  lead  to  the  same  constitutional  formula  for  hath,  viz., 
CO,H— CH==CH— CO,H  (I.). 

The  eiplaoation  of  the  isomerism  of  these  acids  has  thus  to  contend 
with  dijSciiltit)B  which  it  has  been  attempted  to  remove  as  follows ; 
|a]  by  the  assumption  that  moleic  acid  has  the  formola  (I.),  hut  fumaric 
—on  the  other  hand— the  constitution  CHj=C(C05H)a  (il.),  the  latter 
atomic  grouping  being  held  to  be  easily  convertible  into  the  isomeric 
form  (I, ) ;  {b)  by  the  aid  of  conceptions  with  regani  to  the  arrsugemont 
of  atoms  in  space,  according  to  Hin  'I  HofflcS.  pp.  19  and  31),  concep- 
tions which  Widicenue  has  extended  in  the  must  interesting  manner  at 
p.  ISO  of  the  memoir  already  cited  (p.  19);  (c)  by  the  assumption  of 
relations  between  fumaric  and  maieic  acids  similar  to  those  between 
roceroic  and  inactive  tartaric  a<:idB,  (Kehili  and  Amchiitz,  li.  14,  717  i 
IS,  1400) ;  id]  hy  the  assumption  of  free  affinities  in  maieic  acid, 
IFittiy). 

Similar  isomeric  relations  exist  between  the  homologous  acids, 
itaconic  an<i  citraconic  (Ct.  Kekuli,  A.  Suppl.,  I.  129 ;  H.,  Ill ;  Fillig, 
A.  IBB,  95;  1»S,  56;  ai6,  77,  etc.) 
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Appendix.       Acetylene  dIcarboiyUG  add,    CO3H— C=C— CO,H,^ 

raacetylene-aicarboiyllo  acid,  COjH— C=C— C=C— CO,H,  and  T 
acBtyleDe-dlcarboxyUo  acid,  COjH— C=C— C=C— C=C— C=C— C0,B;  \ 
have  been  prepared  by  Ban/er  (B.  IS,  2G95  ;  18,  678  and  2289).      With   1 
increasing  length  of  chaLn  they  show  an  increasing  tendency  to  explode 
(cf,  copper-acetylene.)     For  Baeyer'a  theory  of  expiosiooa  see  B.  IS, 
2277. 


0-  Triatomic  dibasic  Acids,  C„Ha,.aO, 

1.  Tartronic  acid,  oxy^nalonic  add,  C3H4O5,  =  CH(0H)(G02H)j. 
This  acid  forms  large  prisms  {+  JH^O),  easily  soluble  in 
water,  alcoiiol  and  ether.  It  cannot  bo  distilled  unchanged, 
since  it  breaks  up  on  heating  into  carbon  dioxide  and  glycolide. 

Formation.  1.  As  oxy.malonic  aoid,  from  chloro-malonio  acid  by 
the  exchange  of  CI  for  OH. 

%  Ab  a  derivative  of  the  triatomic  glycerine,  by  oxidizing  the  latter 
with  permanganate  of  potash. 

3.  By  reduction  of  the  corresponding  ketonic  acid,  mosoialic  acid, 
CO(CO]H}^  JDst  as  lactic  acid  ia  obtained  from  pyroFscemic  acid. 

Preparation,  By  the  spontaneons  decompoaition  of  the  eo-called 
nitro-tartartc  acid  (p.  241,  Dtsnaii/nes),  dioxy-tartaric  acid  beiii|r 
fonned  as  intermediate  product  {Kekuli) ;  also  from  chloral  hydro- 
cyaoate,  (B.  18,  2852). 

2.  Ifalic  acid,  oxy-sucdnic  acid,  addum  malicum,  O^HnO^, 
=  aH3(OH)(C02H)3,  =  CO^H— CHj— CH{OH)— COjH, 
{ScheeU,  1785). 

Occurrence.  Is  very  widely  distributed  in  the  vegetable 
kingdom,  being  found  in  unripe  apples,  sorb-apples,  grapea, 
barberriea,  quinces,  CrassulaccEB,  etc. 

Formation.  1.  As  oxy-succinic  acid,  by  treating  bromo- 
succinic  acid  with  moist  oxide  of  silver  ; 

CaHaBriCOsH)^  -1-  H3O   =   CsHg(OH)(C02H)2  +  HBr. 

3.  By  the  reduction  of  tartaric  or  racemic  acid  with  HI. 
3.  From  aspartie  acid  or  asparagine  by  means  of  N^Og. 

i.  By  heating  fumaric  or  maleic  acid  with  water,  (A.  193, 
SO). 
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Properties.     Hygroscopic  gkncing  needles,  usually  in  round 
I  groups,  readily  soluble  in  water  and  alcohol,  but  ouly  slightly 
in  ether.    M.  Pt.  100°.    When  it  ia  diatilled,  maleio  anhydride 
passes  over  and  fiimaric  acid  remains  in  the  retort. 

Yields,  when  heated  with  concentrated  U38O,,  Cumallc  acid, 
CsH^OntCOjH).     (B.  17,  936.  [ 

Malic  acid  exists  in  severftl  optically  different  modiBcatioiui  which 
correspond  exaoily  with  those  of  tartaric  acid.  The  dilute  Bolntion  ot 
the  natural  acid  is  Itevo-rotatory  ;  the  acid  obtained  from  dextro- tartaric 
acid  ia  dextro-rotatory  ;  while  the  acid  prepared  from  racomic,  nucciiiic, 
or  fumario  acid  is  inactive,  and  con  be  separatei)  into  the  active  modifi- 

The  alkaline  ealte  and  the  acid  calcium  salt  of  malic  acid  are  readily 
iolnblo  in  wat«r,  while  the  neutral  calcium  salt  is  only  sparingly 
soluble.  Ab  an  alcohol,  the  acid  yields  ethers,  e.g.,  on  Acetyl-malio 
add,  CjHjlO.CaHjOKOOaHjj. 

Amidee  and  Amines  of  malic  acid.  Like  glycollic  acid, 
malic  acid  forma^as  an  acid — amides  (saponifiable),  and — as 
an  alcohol^ao  amine  (not  saponifiable).     The  amides  are  ; 

Malamide,  C2Hj(0H){C0.Nnj)j,  crystallizing  in  prisms, 
and  Ualamic  acid,  CjH3(OH)(CO.NH2)(C03H),  the  latter  being 
known  as  ethyl  ether.  The  alcoholic  amine,  aspartic  acid, 
CgH3(NH2)(C02H)j,  unites  in  itself  like  glycocoU  the  properties 
of  a  base  and  of  an  acid,  but  the  acid  character  predominates. 
Its  acid  amide  ia  asparagine.  The  neutral  amide  has  also  been 
prepared  synthetically  from  bromo-succinic  ethyl  ether  and 
ammonia ;  it  is  readily  transformed  into  asparagine,  (B.  20, 
B.  511). 

Aeparagine,  CjH,(NHj)(CO.NH5)(C02H),  which  is  isomeric 
■with  malamide,  ia  very  widely  distributed  in  the  vegetable 
kingdom,  being  present  in  the  young  leaves  of  trees,  in  beet- 
root, potatoes,  the  shoots  of  peas,  beans  and  vetches,  and  in 
asparagus ;  it  was  first  found  in  the  last-named  vegetable  in 
the  year  1805.  It  forma  glancing  rhombic  prisms  (  +  HjO), 
easily  soluble  in  hot  water,  but  insoluble  in  alcohol  and  ether. 
Goes  into  aspartic  acid  on  saponification.     Is  optically  active. 

Aapartic  acid,  CaH3(NH3)(C02H)^  is  present  in  beet 
molasses  and  forms  an  important  product  ot  the  4 
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of  albuminoid  substances  by  means  of  acids  or  alkalies.  Small 
rhombic  tables,  rather  easily  soluble  in  hot  water.  It  exists 
in  several  optically  different  modifications,  which  differ  in 
taste  and  are  convertible,  the  one  into  the  other,  (B.  20, 
E.  510).  Nitrous  acid  transforms  it,  as  well  as  asparagine, 
into  malic  acid,  (normal  amine  and  amide  reaction). 

Just  as  glycocoll  is  to  be  regarded  as  amido-acetic  acid,  so 
is  aspartic  acid  to  be  looked  upon  as  amido-succinic. 

Isomers  of  malic  acid  are  both  possible  and  known. 

Higher  Homohgues. 

a-Oxy.glutario -v  Diaterebio  acid,  CgHjjCOHXCOjH),. 

Itamalic  acid,  p8HB(OH){COaH)2.  pi^^j.pg^yii^j  ^^  CeHii(OH)(COaH)a. 
Citramalic  acid,  ^  etc. 

Glutamlne,  C3He(NHa)(CO.NH3)(OOaH),  and  Glatamio  add, 
C3H5(NHa)(C02H)s,  are  the  ammonia  derivatives  of  a-oxy-glutaric 
acid,  being  homologous  with  asparagine  and  aspartic  acid.  The 
former  is  likewise  found  in  beetroot  and  in  the  shoots  of  the  vetch 
and  gourd,  while  the  latter  is  produced,  together  with  aspartic  acid  and 
leucine,  by  boiling  albuminous  compounds  with  dilute  sulphuric  acid. 


D.  Tetratomic  dibasic  Acids. 

Tetratomic  dibasic  acids  are  such  as  unite  in  themselves 
the  properties  of  a  diatomic  alcohol  with  those  of  a  dibasic 
acid.  Theoretically  they  are  characterized  by  the  presence  of 
two  alcoholic  hydroxyls  and  two  carboxyls  in  the  molecule. 

The  simplest  possible  member  of  the  series,  the  compound 
C(OH)2(C02H)2,  is  unstable  and  has  not  the  characters  of  an  alcoholic 
acid,  but  those  of  the  hydrate  of  a  ketonic  acid,  since  it  contains  two 
hydroxyls  bound  to  the  same  carbon  atom.  (See  Mesoxalic  acid, 
p.  244.) 

Tartaric  acid,  dioxy-sucdnic  acid,  oxy^mdic  addj  C4HgOg, 
=  C2H,(OH)2(C02H)2,  =  C02H-CH(OH)-CH(OH)-(C02H). 
This  acid  exists  in  four  "  physically  isomeric  "  modifications. 

L  Ddxtro-tartaric  acid,  ocidum  tQ,rf^ricum^  is  the  tartaric 
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acid  found  in  nature.  It  was  discovered  by  Scheie  in  1769. 
It  OGGors  in  the  free  state  or  as  salt,  chiefly  acid  potaasium 
salt,  in  various  fruits,  especially  in  the  juice  of  grapes,  from 
which  bitartrate  of  potash  or  tartar — (tartarua) — separates  in 
crystals  during  fermentation.  When  this  is  boiled  with  chalk 
and  chloride  of  calcium  it  is  transformed  into  the  neutral  lime 
salt,  from  which  the  acid  is  liberated  on  addition  of  H^SO^. 

Large  transparent  monoclinic  prisms,  of  a  strong  and  purely 
avid  taste,  very  easily  soluble  in  water,  readily  also  in  alcohol, 
but  almost  insoluble  in  ether.  M.  Pt.  135°.  EeJuces  an 
ammoniacal  sOver  solution  upon  warming.  When  melted,  it 
is  changed  into  an  amorphous  modification  and  then  into  an 
anhydride,  and  when  heated  more  strongly  it  carbonizes,  with 
the  disaemination  of  a  characteristic  odour  and  formation  of 
pyroracemic  and  pyiotartaric  acids.  Oxidation  converts  it 
either  into  dioxy- tartaric  or  tartronic  acid,  and  then  into 
formic  and  carbonic  acids,  etc. 

Nentral  potaSBiuin  tartrate,  C^,05K,  +  JHgO,  farms  irnmoclinia 
prisma  eatiUy  soluble  id  water. 

Acid  potaasinm  tartrate,  Tartar,  or  Oemor  tartari,  CjHjOjK.  Small 
rhomliic  crystals  of  acid  taste,  sparingly  solable  in  water;  is  much  used 
ID  dyeing,  medicine,  etc. 

PotuBsium-aodium  tartrate,  BocheUe  or  EeleTietts  salt,  C^E^OgKNa 
+  4H,0  (1872).  forma  magnificent  rhombic  prisma. 

Calt^ani  tartrate,  CjHjOfCa  -l-  4HjO,  is  a  powder  iosoluble  in  water 
bat  soluble  in  cold  Cfiuiitic  snda  solution ;  on  wurjning  the  aolutioii  it 
Eeparatea  as  a  jelly,  which  rediesolves  upon  cooling. 

Potaasio-antimoQioua  tartrate,  Tartar  emetic,  CjHjfSbOj'KO,  +  4H3O, 
(see  B.  IS,  IS40),  ia  obtained  by  heating  cream  of  tartar  with  antimony 
ojtido  and  water.  Rhombic  effloresocnt  Octahedra,  easily  soluble  in 
water.  It  is  poisonous  aud  acts  as  an  emetic,  and  ia  used  as  a  mordant 
in  dyeing. 

FeUing's  eoluCioii  is  a  solution  of  onpric  sulphate  mised  with  alkali 
and  aeignettc  salt. 

The  Dl-etliyl  eiber  is  a   thick   oil,   while    the   Hona-etbyl  ether 

crystallizes  in  prisma.     Acetyl  tartaric  acid  and  Amldea  nf  tartaric  acid 

are  known,   and   also    various    anhydrides.       As  an  uluohol,   it   forms 

-  with  nitric   acid  a  di-nitric    ether,    the  so-called  Nitre -tartaric    acid, 

D,H,(0.N0s)a(C05H)s,    which  an  an  ether  is  readily  saponifiable   and, 

lerally   apeaking,   easily  deoompoaable  with  [orm3.ti<in   rA   \yiu'!.'j- 

'•J!  or  of  tartronic  add. 
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Aqueouff  solutions  of  ordinary  tartaric  acid  or  of  its  salts 
turn  the  plane  of  polarization  of  light  to  the  right ;  the  nature 
of  the  solvent  affects  this  action,  (B.  18,  Eef.  591).  The  acid 
is  employed  in  medicine,  dyeing,  etc. 

2.  LsDVO-tartaric  acid  is  identical  in  its  chemical  and  also 
in  almost  all  its  physical  properties  with  ordinary  tartaric  acid, 
but  differs  from  it  in  that  it  turns  the  plane  of  polarization  of 
light  to  the  left,  in  a  degree  equal  to  that  in  which  the  other 
turns  it  to  the  right.  The  crystallized  salts  show  hemihedral 
faces  like  the  salts  of  dextro-tartaric  acid,  but  oppositely 
situated  (see  below).  When  equal  quantities  of  both  acids 
are  mixed  together  in  aqueous  solution,  the  solution  becomes 
warm,  and  we  obtain 

3.  Bacemic  acid,  C^H^O^  +  HgO,  the  composition  of  which 
was  first  established  by  Berzdvus,  who  recognized  it  as  being 
different  from  tartaric  acid,  and  who  developed  the  idea  of 
isomerism  from  this  first  example  in  1829.  Racemic  acid  is 
obtained  from  tartar  mother  liquor.  It  differs  from  dextro- 
tartaric  acid  in  that  its  crystals  are  rhombic  and  efflorescent 
and  also  less  soluble  in  water  than  the  former;  further,  the 
free  acid  is  capable  of  precipitating  a  solution  of  calcium 
chloride  and  is  optically  inactive  (see  below).  The  salts, 
which  are  termed  racemates,  and  also  the  ethers  (B.  21,  518), 
show  small  differences  from  the  tartrates  in  the  proportions  of 
their  water  of  crystallization  and  in  solubility. 

When  a  solution  of  sodium-am moniumracemate,  C4H4Na(NH4)Oe + 4H2O, 
is  evaporated,  beautiful  rhombic  crystals  which  show  hemihedral  faces 
are  obtained.  Pasteur  observed  that  these  faces  were  not  always 
similarly  situated,  but  that  certain  crystals  were  dextro-hemihedral 
while  others  were  Isevo-hemihedral,  so  that  one  crystal  formed  the 
reflected  image  of  the  other.  The  Isevo •hemihedral  crystals  are  opti- 
cally dextro-rotatory  and  vice  versa.  If  now  the  two  kinds  of  crystals 
be  separated  from  one  another  mechanically  and  the  free  acid  liberated 
from  each,  this  will  be  found  to  consist,  not  of  racemic  acid,  but  in  the 
one  case  of  dextro-  and  in  the  other  of  Isevo-tartaric  acid. 

An  analogous  decomposition  of  racemic  acid  is  also  possible  by 
other  means,  (cf.  p.  31). 

4,  Jlfefo- tartaric  acid,  a  fouT\ih  t^T\.m^  ^^\^/\^\TN5wi}dN^  Uke 
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"•li*  foregoiDg   but  not  decomposable  into   the  active  acids, 
*J  though  it  can  be  transformod  into  the  latter  (see  below).     It 

~jstallize8  in  efflorescent  rectangular  plates.     The  acid  potas- 

vitQ  salt  Ib  easily  soluble  in  water. 

Parmaiiffn.  of  the  Tartaric  Acids. 


2.  The  treatment  of  dibromo-auccinic  acid,  C^E^BtJCO^H)^ 
"*^ith  moist  oxide  of  silver  yields  raoemic  and  meBo-tartario 
«^idfl  (KelcuU). 

3.  Bacemtc  acid  reeulta  from  the  eaponification  of  the  cyoubydriii  of 
elfoxal,  (cf.  p.  133). 

4.  The  oxidntion  of  famaric  acid  b;  meanB  of  KMuOi  yields  racemio 
^d,  and  that  of  maleic,  meso-tartaric  acid  (KehiiU). 

5.  When  dextro-  or  Ifevo-tartario  acid  ia  heated  with  soma  water  to 
170°,  racemic  aud  mcEO-tartario  acids  are  fonneJ ;  meso-tartaric  acid 
chaugeB  partiallf  into  racemic  acid  under  analogom  conditiouB,  a  state 
of  eqnilibriani  being  reached  here. 

Foi  the  apUtting  up  of  racemic  acid,  see  above. 

The  isomeric  relations  of  the  tartaric  acids  aro  easily  explic- 
able by  the  aid  of  conceptions  as  to  the  modes  in  which  the 
atoms  and  atomic  groups  are  liuked  in  space  to  asymmetric* 
carbon  atoms,  which  are  present  not  only  in  them  but  also  in 
malic  acid,  asparagine,  lactic  acid,  active  amyl  alcohol,  etc., 
(see  pp.  19,  31,  and  32). 


B.  Penta-  and  Hexatomic  dibasic  Acida. 

Pentatomici  Aposorbic  add,  C3Hs(OH)s{C02H)2. 
Hexatomic :     Dioxy-tartaric    acid,    C2(OH)j(C02H)j,    (se 
Ketonic  acide). 

Socchario     acid,-| 

St.!,™::        C.n.(OH,.(CO.HV 
Gfycaronie    „      ' 
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EaccliBTlc  acid  ia  produced  by  the  oxiilation  of  cone  augnr,  gluuoaei 
mannite  or  starch  by  HNO^,  and  Haclc  acid  by  tliat  of  guuiB,  mncilageB 
aud  milk  sugar.  The  former  is  bygroscopic  and  easily  soluble  in  water, 
the  latter  a  difficultly  soluble  white  crystalline  powder.  lEOUccItBila 
add  is  obtained  by  the  oiidation  oi  glocosaminB,  C8Hii05(NHj).  Xheao 
aoids  form,  na  tetratomic  alcobols,  tetraacetyl  derivabivea,  etc,  and,  aa 
acida,  two  series  of  salts,  ethers,  etc.  Their  constitution  atill  reqnirea 
furtbor  investigation.  Mucic  acid  readily  chsngea  into  furfurane  deriva- 
tives (see  p.  203).  Glycnronic  acid  is  a  decomposition  product  of  a  aeries 
of  complicated  compouods  which  are  found  in  the  urine  after  the  con- 
sumption of  oampbor,  phenol,  etc.,  ('*  phenyl-glycuronic  acid").  ■  It 
farms  a  syrupy  miaa. 


P.  Dibasic  Ketonic  Acids. 

Dibasic  ketonic  acids  iinito  in  themaelves  the  properties  of  a 
ketone  and  of  a  dibasic  acid,     The  following  are  known  : 

1.  Meaoxalio  acid,  CO(C02H)3  or  C(0H)3{C0aH)g  (see  p. 
240),  \B  prepared  from  dihromo-malonic  acid,  CBr2{C0jH)j,  and 
baryta  water  or  oxide  of  silver,  thus  : 

CBrj(C02H)2  4-  HjO   =   CO(COaH)j  +  2HBr ; 
also   by  boiling    alloxan    (p.  282)   with    baryta   water.      It 
crystallizes  in  deliquescent  prisms  ( +  H^O). 

As  a  ketone  it  combines  with  NaHSOg,  reacts  with  hydroxyl- 
amine  (p.  142),  and  ta  reduced  by  nascent  hydrogen  to  tiie 
corresponding  secondary  alcohol-acid,  tartronic  acid : 
CO(C02H)2  +  Hj   =  CH(OH){C02H)j. 

Since  the  acid  and  ita  aatts  atill  retain  a  molecule  of  water  at  tempera- 
tures above  100°,  this  may  be  chemically  bound  as  in  chloral  hydrate, 
corresponding  to  the  formula,  C(OH)a(COaH)j,  " di-osy-mftlonio  acid." 
In  agreement  with  this,  a  di-acetyl  compound,  C(O.G,HjO)3(CO,CjHb)^ 
can  be  prepared. 

2.  Acetone-alcajbflzyUcacid,  CbH(0(,  =  CO=(CHj— CO,H)p  resulta 
upon  treating  citric  acid  with  concentrated  HjSOj.  It  breaks  up  readilj 
into  acetone  and  2CO2,  (see  B.  17,  2M2). 

Dlory-tartaric    add,     COjH— CO— CO— CO5H,     or    probaUy- 

CO5E— C(0H)5— C(OH)j— CO^H,    is   formed   from   pyro-catachin   and-. 

aitroaa  acid,  and  by  the  gradual  dtcomposition  of  nitro.tartario  odd.* 

Jt  doee  not  exist  in  the  free  state.    The  c\iMajAet\eKvi  Sffiuai'ii.-j 


■odium  aalt  decomposea  easily  into  COj  and  tartronrtte  of  Bodinm.  It 
reaota  with  two  moU.  hyilroxykmmQ.  With  plienyl-tiyJrazine-Biilpli- 
onic  acid,  a  dye  "  tartraziae  "  is  producod,  (uf.  Kthdi,  A.  331,  230.) 


XI.  TEI-  TO  HEXABASIO  AOIDS. 

The  tribasic  organic  acids  arc  those  which,  like  phosphoric 
acid,  are  capahle  of  forming  three  scries  of  salts,  viz.,  neutral, 
mono-acid  and  di-acid  salts.  They  contain  according  to 
theory  three  carboxyl  groujia,  There  are  not  only  triatomic 
tribasic  acids,  such  as  methane-  and  propane-tri-carboxylic 
acids,  etc.,  which  are  of  purely  acid  character,  but  also 
tetratomic,  pentatomic  and  hexatomic  tribasic  acids,  alcoholic 
acids  which  possess  at  the  same  time  the  characters  of  alcohols. 
Further,  these  may  be  derived  either  from  saturated  or  from 
unsaturated  hydrocarbons. 


A.  Triatomic  tribasic  Acids. 

1.  Mefchane-tricarboxylic  acid,  CH(CO^H)fl, 

2.  Ethane-tricarboxylic       „      CgHg(C0jH)3, 

3.  Propane-tricarboxylic    „     CgH^fcOjHia, 

4.  Tricarballylic  „      C3H6(COjH)3. 

The  above  acids  1  to  3  have  been  prepared  by  the  malonic  ether 
syntheaia  ;  they  are  for  the  most  part  known  as  etbera,  some  of  them 
being  incapable  of  existence  in  the  froc  state,  while  others  readily  break 
np  upon  heating  into  CO^  and  dibasic  auida. 

Propane-tricarboxylic  acid  is  unsymmetrically  constituted. 

Tricarballylic  acid,  symmetrical  propam-iricarlioxylic  acid, 
C3H5(C02H)3.  Occurs  in  unripe  beet,  and  is  prepared 
synthetically  irom  glycerine  by  tranaforming  it  into  tri-brom- 
hydrin,  CgHjEr^,  treating  this  with  KCN,  and  saponifying  the 
cyanide  formed,  C3H5(CN)j.  Since  the  three  hydroxyls  in 
glycerine  are  distributed  among  three  carbon  utoms,  the  same 
holds  good  for  tba  carboxyh  in  the  acid,  wliith  Vaa  >iieTeSa\% 
the  Bfmmetrical  constitatioa : 
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CH2— COgH 

CH— COgH 
CHg— CO2H. 

This  acid  is  of  importance  in  determining  the  constitution 
of  citric  acid,  from  which  it  can  be  obtained  by  heating  with 
HL  It  also  results  from  the  addition  of  Hg  to  aconitic  acid, 
CqHqOq.  It  crystallizes  in  rhombic  prisms,  easily  soluble  in 
water,  etc.     M.  Pt.  166". 


B.  An  Unsaturated  tribasic  Acid 

is  Aconitic  acid,  C^HgOg,  =  C8H8(C02H)3,  which  contains 
two  atoms  of  hydrogen  less  than  tricarballylic  acid.  It  is 
found  in  nature,  in  Aconitum  Napellus,  shavegrass,  sugar  cane, 
beetroot,  etc.,  etc.,  and  is  prepared  by  heating  citric  acid, 
CgHgO^,  water  separating.  It  is  a  strong  acid,  crystallizable, 
and  easily  soluble  in  water.  M.  Pt.  186".  Nascent  hydrogen 
transforms  it  into  tricarballylic  acid,  hence  it  is  an  unsaturated 
acid  and  its  constitution  is  : 

CH— COgH 
9— CO2H 
GHg — CO2H. 


0.  Tetratomic  tribasic  Acids. 

Citric  acid,  addum  dtrkumy  CgHgO^,  =  C3H4(OH)(C02H)3. 
(Scheekf  1784;  recognized  as  tribasic  by  Liebig  in  1838.)  Occurs 
in  the  free  state  in  lemons,  oranges  and  red  bilberries,  and 
mixed  with  malic  acid  in  gooseberries,  etc.,  also  as  calcium 
salt  in  wood,  potatoes,  beetroot,  etc. 

Preparation,  From  the  juice  of  lemons  by  means  of  the 
lime  salt. 

Properties,      Large  rhombic  prisms   (+  HgO),  very  easily 

soluble  in  water  and  rather  easily  in  alcohol,  but  only  slightly 

ID  ether.     It  loses  its  watet  oi  cT^'B\a3X\i».\Aa^  «^\%V)\sLftlta 
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I  at  153°,  and  breaks  up  at  a  higher  temperature  first  into  aconitio 
I  acid  and  water,  and  then  into  carbun  dioxide  and  itacontc 
[  acid  (and  also  acetone,  etc.).  Oxidizing  agents  effect  a  very 
I  tiiorough  decomposition. 

Citrate  of  calcmm  is  precipitated   aa  n,  white  sandy  powder  npOD 

I  boiling  a  mixture  of  calcinni  chloride  and  alkaline  citi'ate.    Tlie  three 

■eries  of  sslta  are  well  cbaracterized ;  the  alkaline  salts  are  soluble  in 

Vater.  the  others  mostly  inaaluble.      Among  the  derivatives  may  be 

lentioned  mono-,  dl-,  and  trl-sthyl  citrates  aud  tri-etliyl  aceto- citrate, 

I   C,Hj{O.CaH30)(CO,C,Hj)3,  which  lost  forms  a  proof  of  the  alcoholic 

[   character  of  citric  add  ;  it  boils  without  decompositioa.     TheAmldeaof 

c  acid  are  converted  by  concentrated  H^l^O,  into  Cltrazfnlc  acU, 

L  CjHjNOi,  a  pyridine  derivative,  (B.  17,  268l') 

The  constit-uiion  of  citric  acid  is  arrived  at  both  from  its 
kxelation  to  aconitlc  acid,  which  results  from  it  as  ethylene  does 
[[.from  alcohol,  and  from  various  syntheses ;  it  is : 

CH^— CO,H 
C(OH)— COjH 

CHj— COjH. 

Thus  it  is  obtained  from  jS-dichloro-acetone  as  follows : 
CH^CI  I  CHjCl  I  CHsCl  I  CHj.CN  I  CH^CO^H 

I  C(OH)-CN  I  C(0H)-C02H    C(OH)-COjH    C(OH).COjH 


CH„C1     CHaCl 


I  CH„C1 


I  CH„.CN 


I  CH„.CO,H. 


An  Ifio-citric  aeid,  isomeric  with  citric,  has  also  been  pro- 
lared  synthetically,  {Fittlg,  B.  20,  3179). 

Appendix.  D.  Peutatomictribasic  acids-  Qsaozaucacid, 
I  C^HA.  =  CaH(0H)j(C0,H)3,  and  Oxy-clMo  acla,  C„HaOi„  the  latter 
I  of  which  is  present  in  the  juice  of  turnips. 

B.  Tetra-,  penta-,  and  hexabaBic  acids  do  not  occur  in 
m  nature  but  have  been  prepared  in  considerable  numbers  by  means  of  tlie 
acetic  or  malonic  ether  synthesis,  e.g.,  ethane-tctra-carboxylic 
Ii»dd,  propane-penta-carboxylic  acid  and  btttane-besa-carboiylic  aeid. 
■iThey  are  obtained  in  the  form  of  ethers,  most  of  them  being  either 
tvery  unstable  or  incapable  of  existence  in  tlie  free  state.  For  their 
ration,  sec  R  IS,  llOD  i  17,  2TS1 ;  A.  314,  31. 


248  XII.   CYANOGEN  COMPOUNDS. 


XII.  OYANOGEN  OOMPOUNDS. 

Under  the  name  of  the  cyanogen  compounds  is  included 
a  group  of  bodies  which  are  derivable  from  cyanogen,  CgNy 
Cyanogen  itself  is  a  gas  of  excessively  poisonous  properties 
which  behaves  in  many  respects  like  a  halogen,  and  its 
hydrogen  compound,  hydrocyanic  acid,  HON,  is  an  acid  which 
is  very  similar  in  many  ways  to  hydrochloric.  In  many 
cyanogen  compounds  the  monovalent  group  (CN)  plays  the 
part  of  an  element ;  cyanogen  is  to  be  regarded  as  the  isolated 
radicle  (CN),  often  written  Cy,  which  however  possesses 
the  double  formula  CgNg,  just  as  a  molecule  of  chlorine  (Gig) 
is  made  up  of  two  atoms.  The  cyanogen  group  is  further 
capable  of  combining  with  the  halogens,  hydroxyl,  sulphydril 
(SH),  amidogen,  etc.,  etc.  From  the  compounds  so  obtained 
numerous  others  are  derived  by  the  entrance  of  alcohol 
radicles  in  place  of  hydrogen.  Such  derivatives  nearly  always 
exist  in  two  isomeric  forms,  sharply  distinguished  from  one 
another  by  their  properties,  and  whose  isomerism  is  of  very 
great  interest.     (See  table,  pp.  250  and  251.) 

There  exist  further  polymeric  modifications  of  most  of  those 
compounds  (see  table).  The  number  of  cyanogen  compounds 
known  is  thus  a  very  large  one. 

Formation,  1.  Carbon  and  nitrogen  cannot  combine  directly 
with  one  another  but  only  when  they  are  heated  in  presence 
of  an  alkali ;  thus,  when  nitrogen  is  led  over  a  red-hot  mixture 
of  coal  and  carbonate  of  potash,  potassium  cyanide,  KCN,  is 
formed. 

2.  By  passing  ammonia  over  red-hot  coal,  ammonium  cyanide, 
NH4CN,  is  produced. 

3.  Carbon  and  nitrogen  combine  most  readily  with  metals 
when  in  the  nascent  state,  e.g.,  when  nitrogenous  organic 
compounds  such  as  leather,  horn,  claws,  wool,  blood,  etc.,  are 
heated  with  potashes. 

4.  HydrocysLnic  acid  is  formed  when  electric  sparks  are   passed 
through  a  mixture  of  acetylene  and  nitito^eu,  wcA  «i\aK^  Xyj  ^iaa  w^XKs^w 
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«>f  tbe  eilent  electric  diBcharge  on  a  mixtare  of  cyauugeo  nnd  liydrogoii. 
Por  further  modcB  uf  formatioii,  eeo  below. 

The  original  material  for  the  preparation  of  most  of  the 
cyanogen  compounds  is  potasaic  ferrocyanide,  which  is  manu- 
^ictured  on  the  large  scale  and  posaessea  the  great  advantages 
■«ver  potassium  cyanide  of  being  stable  in  the  air  and  non- 
poisonous. 


A-  Cyanogen  and  Hydrocyanic  Acid. 

Cyanogen,  CjNj.     Discovered  by  Gap-Litssac  in  1815. 

Occurs  in  the  gases  of  blast-furnaces. 

Formation.  1.  As  the  nitrile  of  oxalic  acid,  by  the  abstraction 
of  the  elements  of  water  from  oxalate  of  ammonia  by  means  of 
PgOg ;  also  in  the  same  way  from  the  intermediate  product  of 
this  reaction,  oxamide ; 

CjO,(NH,),  -  4Hp   =  CjNa; 
Cs,0,(NH5)j  -  2Hp   =   C^N^. 

2,  By  heating  silver  cyanide,  AgCN,  or  mercuric  cyanide, 
,Hg(CN)3,  strongly ;  thia  is  the  method  followed  for  its  pre- 
paration : 

Hg(CN),  =  Hg  -H  C^,. 
Further,  in  the  wet  way,  by  heating   a  solution  of  cupric 
Holphate  with  potassium  cyanide,  (B.  18,  Eef.  321). 

Cyanogen  is  a  colourless  gas  of  a  peculiar  unpleasant  odour 
resembling  that  of  bitter  almonds,  and  is  terribly  poisonous. 
:Sp.  Gr.  1-8.  Easily  condensible.  M.  Pt.  -34°.  B.  Pt  of 
liquid  cyanogen  -  21°.  Soluble  in  J  vol.  of  water  and  in  even 
less  alcohol  The  solutions  become  dark  upon  standing,  with 
separation  of  a  brown  powder  ("  Azulmic  acid  "),  while  oxalic 
acid,  ammonia,  formic  acid,  hydrocyanic  acid  and  urea  are  to 
be  found  in  tbe  liquid. 

The  tormation  of  the  otbUc  acid  and  ammonia  depends  upon  iifiTrao.1 
•attpoDiBottioa,  and  that  of  formia  acid  upon  tbe  MhponifiCB.'uuvi  q\  '^% 
^OoiUiuwiL  <va  V'l^^ 
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SUMMARY  OF  THE  CYANOGEN  COMPOUNDS  AND  ( 


• 

Relation  to  carbonic 

Obiginal  Compounds. 

acid,  etc. 
(Seep.  269.) 

Normal            Isomeric 
Form. 

Nitiile  of  oxalic  acid, 

Cyanogen, 

C2N2 

Nitrile  of  formic  acid, 

Hydrocyanic  axsid, 
Alcoholic  derivatives : 

(a)  Nitriles, 

(6)  Iso-nitriles, 

N=C.H 
CH3— C=N 

CHs    NC 

Cyanogen  chloride,  bro- 
mide, iodide. 

N=c.a 

— 

CO8H2+NH3-2H2O, 

(Partial  Nitrile,  event- 
ually Carbimide, 
see  p.  269), 

Cyanic  a,cid, 
Alcoholic  derivatives  : 

(a)  Methyl  cyanate, 
[h)       ,,    iso-cyanate, 

NuC-OH 

N=C    O.CHs 

* 

O-C-N.Cl 

Thiocyanic  add. 

Alcoholic  derivatives : 
(a)  Ethyl  thiocyanate, 
(6)  Allyl       Iso-thio- 
cyanate. 

N-C— SH 
N=C— S-CaHe 

S-C-NCj 

CO3H2  +  2NHS-3H2O, 

(Nitrile    and    amide, 
eventually  Carbo-di- 
imide,  see  p.  269), 

Cyanamide, 
Alkylated : 

(a)  Alkyl  cyanamide, 
(6)  Carbo-di-imide, 

N=C— NH2 
N  C    NH.CHs 

rn-c-n: 

COgHa  +  NHg-HjjO, 
(Aminic  acid). 

Carbamic  acid, 

C0(NH2)0H 

CO3H2  +  2NH8-2H2O, 

(Carbamide), 

Urea, 

C0(NH2)2 

Thio-urea, 
Alkylated : 

(a)  Alkyl-thio-ureas, 

(b)  Imido-thio-carba- 
mine  compounds, 

CS(NH2)2 
CSNaHsR 

C(NH)f| 

COgHa  +  SNHs-SHaO, 
(Amidines), 

Ouanidine, 

C(NH)(NH2)2 

*  R  =  A\co\io\  Ta,dv^ft, 


SUMMARY. 
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SEVERAL  RELATED  CARBONIC  ACID  DERIVATIVES. 


FoLYMEBio  Compounds. 


ParcLcyanogen^ 


"  Tri-hydrocyanic  acid^** 
Alcoholic  derivatives : 
Cyauethine, 


Oyanurie  chloride,  etc.. 


Normal  Isomeric 

Form. 


(CN), 


(CNH)x 

(CN)3(CaH5)8 


(CN)oa; 


'JV^XJ 


Cyanuric  ctctd. 
Alcoholic  derivatives : 

(a)  Cyannrates, 

[b)  Iso-cyannrates, 


(CN),.(OH), 


(CN)8.(OCaH5)j 


(CO)3.(NC2H«)g 


**  Dithio-dicyanic  acid," 
Thio-cyanuric  acid, 
Alcoholic  derivatives : 
(a)  Thio-cyauurates, 


Dicyan-diamide, 
Mdamine, 
Alkylated : 
(a)  Alkyl-melamine, 
(6)  Alkyl-iso-melamine, 


No  Polymers. 


(CNSH)x 

(CN)3.(SH), 

(CN)8.(SC2H5)3 


CaN4M4 

(CN)3.(Nfi2)8 

(CN)8.(NHCaH6)3 


(C :  NH)3(NC  A)8 


XII.    CYANOGEN   COMPOUNDS.  ^^^" 

byilroc^anie  acid  formed  as  od  intermediate  product.  In  presence  of  s. 
niiuute  qaantity  of  aldebyde,  oianiide  rcsnlte  from  the  tnbiiig  up  of 
water.  Cyanogen  combines  with  beated  potaBsium  to  KCN,  and  dis- 
MtlveB  in  aqueous  potash  to  form  KCN  and  KCNO.  It  yields  with  H5S 
the  thiamidea  Flavean  hydride,  NC— CS.NEj,  and  Subeas  Hydride, 
CS(NHa)-CS(NHi). 

Paracyanogen  (CN)i  ia  a  polymer  of  cyanogen.  It  is  an  amorpbous 
browD  powder  which  results  as  a  bye-product  when  mercuric  cyanide 
is  heateii  ;  upon  further  heating,  it  IB  transformed  into  cyanogen. 

Hydrocyanic  acid,  prussic  acid,  CNH.  Discovered  about 
the  year  1T82  by  Sdieek,  and  investigated  closely  by  ffay- 
Lussae. 

Formation.  1.  By  decompoaiDg  metallic  cyanides  by  meam 
of  stronger  acids ;  also  by  the  distillation  of  potaasic  fen* 
cyanide  with  dilute  sidphuric  acid  :  J 

K,Fe{CN)6  +  5H2SO,  =  6HCN  +  FeSO^  +  tKHSO^. 

The  ferroas  sulphate  produced  reacts  with  more  ferrocyanide  to 
form  ferro-potassic  ferrocyanide,  FeKj(FeCyo)  (flee  p,  256),  which  is 
not  affected  by  dilute  acids ;  consequently  only  half  of  the  cyanogen 
present  is  converted  into  hydrocyanic  acid.  When  concentrated 
instead  of  dilute  sulphuric  acid  is  employed,  carbonic  oxide  and  not 
hydrocyanic  acid  is  obtained. 

2.  From  ammonium  formate  or  formamide  by  the  separatioti 
of  water  ;  1 

H.0O,O(NIIJ  =  H.CO.NH2  +  HjO  =  HCN  +  2Hp.  \ 
Hydrocyanic  ia  therefore  the  nitrile  of  formic  acid, 

3.  Togetlier  with  oil  of  bitter  almonds,  CyHgO,  and  gra|H 
sugar,  CgHijOg,  through  the  decomposition  of  amygdalil| 
under  the  influence  of  "  emulsin,"  (see  p.  294) :  I 

GjoH^NOii  +  2H3O  =  CNH  +  CjEgO  +  SC^Bj:)^.     * 

The  oil  of  bitter  almonds  and  its  aqueous  solution — (aqua  tunamii 
mygdalarum) — prepared  from  the  almonds  themselves,  consequent!] 

lonift  npon  chloroform  under  pressnre  : 
CHCia  +  NHj  =  HCN  +  3HCL 
for  o&iet  qrutjjesee,  see  p.  243, 
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Preparation.  From  yellow  prussiate  of  potash.  In  order  to 
obtain  the  anhydrous  acid,  the  vajxiura  are  dried  over  ealcium 
ehloride, 

Properties.  Colourless  liquid,  solidifying  at  -  15°.  Sp.  Gr. 
0'70.  B.  Pt.  26-5°.  It  has  a  peculiar  odour  and  produces  an 
nnpleasant  irritation  in  the  throat,  is  miscible  with  water, 
ate.,  and  burns  with  a  violet  flama  Like  potassium  cyanide, 
it  is  one  of  the  most  terrible  of  poisons.  When  absolutely 
pure  it  can  be  preaerved  unchanged,  hut  it  decomposes  in 
presence  of  traces  of  water  or  ammonia,  with  separation  of  a 
ltt«wn  mass  and  formation  of  ammonia,  formic  acid,  oxalic 
■cid,  etc.  The  addition  of  minute  quantities  of  mineral  acids 
renders  the  aqueous  solution  more  stable. 

Hydrocyanic  acid  comhines  with  nascent  hydrogen  to 
methyl  amine : 

HON  +  2H3   -   HCH2.NH3. 

With  hydrochloric  acid  it  forms  a  white  cry  stall  ine  product 
(BCN  +  HCl),  which  appears  to  be  the  iraido-chloride  of  formic  acid, 
CH — CC1=NE.  It  also  cumbiues  with  many  metallic  chloridoB  to 
DrystallinB  compounds  which  are  easily  decomposable. 

Hydrocyanic  acid  is  a  weak  monobasic  acid,  in  accordance 
with  the  mildly  acidifying  nature  of  the  cyanogen  radicle ;  its 
salts  are  decomposed  even  by  carbonic  acid.  Its  amstUutiimal 
formvla,  H— C^sN,  follows  from  its  relations  to  formic  acid 
and  chloroform.  In  some  reactions,  however,  it  yields  com- 
pounds which  are  derived  from  its  hypothetical  isomer 
=C=N — H  or  C=N — H.  Its  alcoholic  derivatives  each 
eiist  in  two  isomeric  modifications,  nitriles  and  iso-nitriles, 
which  are  derived  from  the  two  atomic  groups  H — CN  and 
ON — H.  (See  table,  p.  250,  and  the  appendix  to  the  cyanogen 
group,  p.  265.) 

Hydrocyanic  acid  can  be  detected  by  converting  it  cither  into 
Knssian  blue  or  into  Eerric  aulphocyaiiide.  In  the  former  case  the 
nlution  to  be  tested  is  treated  with  OlCcss  of  caustic  soda  and  some 
(errouB  and  ferric  salt,  boiled,  and  acidified,  when  Pruaaian  blue  results  ; 
b  the  latter  the  aolulion  ia  evaporated  to  dryness  along  with  a 
littU  yellow  sulphide  of  ammonium,  the  residue  taken  up  with  water 
Ind  ferric  chloride  added,  when  the  lilood-toA  otAoivc  ol  letna  avJ.\\jia- 
ido  ia  obtained. 


\ 
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Trl-Iiyilrocysiiic  add,  (CNH)i,  resuita  from  the  polymerization  ol 
hydrouyanii;  ooid  under  certain  specified  conditionB,  It  forma  white 
acute-angled  crystals  which  go  back  into  hydrocyanic  acid  witb  viotenca 
whaa  heated  abovo  180°.     Ita  moleoular  weight  is  etill  uuknown. 

Potaesiam  cyanide,  KCN.     For  fimmHon,  see  p.  2i8. 

Preparalion.  1.  Anhydrous  ferrocyanide  of  potasaium  it' 
heated  to  fusion : 

K^Fe{CN)a  =  4KCN  +  Fe  +  2C  +  N^ 
In  order  to  prevent  the  decomposition  of  a  portion  of  the 
cyanide,  potash  may  be  added  to  the  melted  mass,  but  the 
product  will  in  this  case  contain  potasaic  cyanate,  (Liebig'i 
cyanide  of  potaah.) 

2.  By  heating  potassium  in  cyanogen  gas. 

3.  By  the  combination  of  HON  with  KOH,  and  precipita- 
tion from  the  aqueous  solution  by  means  of  alcohol. 

Properties.  Colourless  deliquescent  cubes,  readily  soluble 
water  but  only  slightly  in  alcohol.  It  is  sold  in  sticks.  It 
absorbs  water  from  the  air  and  is  decomposed  by  the  carbooio 
acid  of  the  latter.  The  aqueous  solution  precipitates  nearly- 
all  the  metallic  salts,  the  precipitates  redissolving  in  ezcesa, 
with  formation  of  double  cyanides. 

Simple  Cyanides. 

AmmoaiiuiL  cyanide,  NH,,CN.  White  deliquescent  mass.  It  is  alsa 
produced  by  tbe  passage  of  the  silent  electric  discharge  through  m 
mixtnre  of  marah  gaa  and  nitrogen. 

Mercuric  cyanide,  Hg(CN)2.  Colourless  prisms,  stable  in- 
the  air  and  readily  soluble  in  water.     Excessively  poisonous. 

Silver  cyanide,  AgON.  White  flocculent  precipitate,  closely 
resembling  chloride  of  silver  both  in  appearance  and  solubility. 

Double  Cyanides. 

The  double  cyanides,  which  are  produced  by  dissolving  thfti 

insoluble  metallic  cyanides  in  a  solution  of  cyanide  of  pota»> 

s/i/m,  are  divided  into  two  clasaea.     Tl\e  members  of  the  onaj 

cJass  are  broken  up  again  on  the  B.4i\.\Aou  ol  iixiSfc  ■mtiKi 


ifcwj 


POTASSIUM   FERKO-  AND   FERRICVANIDES.  255 

acida,  witli  reparation  of  the  ioBoluble  cyanide  and  formatiou 
of  hydrocyanic  acid,  e.g.  KCN  +  AgCN ;  2KCN  +  Ni(CN)3. 
The  members  of  the  other  class  do  not  separate  hydrocyanic 
acid,  but  comport  themsQlves  as  salts  of  particular  acids;  to  the 
latter  belong,  in  especial,  potaasic  ferrocyanide,  K^FeCy^, 
(^—  4KCy  +  FeCy^),  and  potasaio  ferricyanide,  RgFeCy^, 
(  =  3KCy  +  FeCyg),*  which  yield  with  acida  hydro-ferro-  and 
hydro- ferricyanic  acida.  Many  salts  of  the  Satter  acid  are 
not  decomposed  at  all  by  dilute  acida,  for  instance  I'lussian 
blue,  but  they  are  by  caustic  potash  (which  converts  Prussian 
blue  into  Fe(0H)3  and  K/eCyJ. 

PotaBaium  ferrocyanide,  yellow  pmssiaie  of  poksh, 
K^FeCyg  +  3HjO.  Formation.  1.  By  adding  excess  of 
potassium  cyanide  to  a  solution  of  ferrous  sulphate. 

solution  of  cyanide  of  potassium, 
when  hydrogen  ia  evolved,  thus  : 

2KCN  +  Fe  +  2H5O   -  Fe(CN)2  +  2K0H  +  H^ ; 
re(CN)2  +  4KCN   =   K,Fe(CN),. 

Iron  is  therefore  previously  added  to  the  "melt"  in  practical 
■working  (see  p.  248,  3). 

It  forms  large  lemon -col  cured  tetragonal  plates,  which  are 
Btablo  in  the  air  and  easily  soluble  in  water,  but  insoluble  in 
alcohol.  Concentrated  HCI  separates  Hydro-ferro  cyanic  acid, 
HjFeCyj,  in  white  decomposable  needles.  With  a  solution  of 
CiiSOj,  a  red-brown  precipitate  of  Cuprie  ferrocyanide,  or 
Eakketfs  brown,  CujFeCy^,  is  thrown  down,  and  with  solutions 
of  ferrous  and  ferric  salts  the  well  known  characteristic  precipi- 
tates.   Chlorine  oxidizes  it  to 

Potassium  ferricyanide,  red  prussiale  of  potash,  K^FeCy,,, 
thus: 

2K,FeCy,  +  CI3   -   SK^FeCyfl  -1-  2KCI. 

This  crystallizes  in  long  dark-red  monocliiiic  priams  which  are 
readily  soluble  in  water.  The  solution  decomposes  upon 
standing,  and  acts  as  a  strong  oxidizing  agent  in  the  presence 
«f  alkali,  K.FeCyg  being  reproduced- 

is  here  and  iu  the  Su\W«\yi'^  \o.ga 
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Hydro-ferricyanic  acid,  HgFeCyg,  forms  brown  needles,  and 
is  easily  decomposed. 

FERRO-  AND  FERRI-CYANIDES  OP  IRON. 


Ferrous  salts, 


Ferrocyanides. 


Ferric  salts, 


Potassiam-ferro-ferrocyanide, 
KaFe"(FeOy6)^  fromFeS04 
+  K4FeCyg  ;  white,  becom- 
ing rapidly  blue  in  the  air 
from  conversion  into 

Potassium-ferri-ferrocyanide, 
KFe"»(FeCye). 


Insoluble  Prussian  blue 
or  WUliamson^s  blue, 
Fe4"'(FeCv6)8,  from  FeClg 
+  K4FeCfyg  ;  blue  powder 
with  a  copper  glance. 


Ferricyanides. 


TurribtUPa  blue, 
Fe/(FeCye)2'",      from 
FeSO^  +  KaFeCye. 


(FeClg + KsFeCye  give  no 
precipitate,  but  only 
a  brown  colouration.) 


KFe'^CFeCye)*^  =  KFe"(FeCye)"»  = 

Soluble  Prussian  blue,  from  ferric  or  ferrous  salts  an 
excess  of  ferro-  or  ferri-cyanide  of  potassium. 


The  formation  of  Prussian  blue  was  first  observed  by  Dieahach  soo 
after  the  year  1700. 

As  regards  the  constitution  of  hydro-ferro-  and  hydro-ferricyani 
acids,  one  may  make  the  assumption  that  they  contain  the  trivale 
radicle  (C3N3)*",  "  tricyanogen,"  of  cyanuric  acid  (see  p.  140) : 

K  -(CgNs)^^,  ,H 
K2=(CsN3)>*^ 
Potassium  ferricyanide. 


K2=(?8N3)\^gli 


K2=(C3N3)' 

Potassium  ferrocyanide. 


Fe"i^<^3N3) Fe" (€3X3)^5,  u,  .^^  so  on 

*®  NC3N3)=Fe"  Fe"=(C3N3)^-*^®  '  *"^  ^^  ^^• 

TumbuU's  blue. 

When  ferrocyanide  of  potassium  is  oxidized  by  nitric  aci_  ^, 
there   is    formed    Nitro-prussic    acid,    whose    sodium    sa-TMt, 
reCy5(NO)Na2  +  SHgO,  crystallizes  in  red  prisms  soluble     sin 
water  and  forms   a  valuable  reagent  for  the   detection     of 
sulphuretted  hydrogen,  an  alkaline  solution  yielding  with  tl^e 
latter  a  spJendid  but  transient  puTl^W^Au^  c.OiQ>M^\I\Qr^^ 
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B.  Halogen  Compounds  of  Cyanogen. 


iranogen  chloride,  CN.Cl,  {Berthollet).  Colourless  con- 
dble  gas  of  a  most  obnoxious  pungent  odour,  somewhat 
Ue  in  water.  B.  Pt,  of  ita  liquid  -12°.  It  is  prepared 
tie  action  of  chlorine  upon  mercuric  cyanide  or  upon  dilute 
ions  hydrocyanic  acid,  thus : 

CNH  +  Cla    =    CNCl  +  HCl. 
ftlymerizea  readily  to  cyannric  chloride,  and  yields  potasaic 
tide  and  cyanate  with  aqueous  potash,  appearing  thus  as 
Bhloride  of  cyanic  acid  : 

CN.Cl  +  2K0H   =   CN.OK  +  CIK  +  H^O. 
nnogen bromlds,  CNBr.     AnalogouB  to  theohloride.     Transparent 

nmogBii  loiUda,  CNI.  BeaatiftU  whits  priams,  smelling  intensely 
of  cyiinogen  and  iodine,  and  Bublimicg  with  the  utmost  ease. 
'  poisouoas.  Prepared  from  merourio  cyanide  and  iodine, 
puiuric  chloride,  Iri-ckloTO-a/anogen,  (CNj^Clg.  This 
mer  is  obtained  from  cyanogen  chloride,  or  from  hydro- 
lie  acid  and  chlorine  in  ethereal  solution.  It  forms  beauti- 
(rhite  crystalB,  of  an  unpleasant  pungent  odour.  M.  Pt. 
\  B.  Ft.  190°.     Boiling  water  decomposes  it  with  formation 

rrochloric  acid  and  cyanuric  acid,  (CN)3.(0H)j,  of  which 
it  appears  as  the  chloride.     It  contains  the  trivalent 
de  (CN),,"'  =  tri-cyanogeii,  (see  Cyanuric  acid). 

O.  Cyanic  and  Cyanuric  acids. 

^anuric  acid  is  formed  when  urea  is  heated,  either  alone  or 
[Btream  of  chlorine  gas  ;  by  subjecting  it  to  dry  distillation 
loondenaing  the  vapoura  evolved  in  a  freezing  mixture,  one 
tins  Cyanic  acid,  CNOH,  as  a  mobile  liquid  of  a  pungent 

ia: 

[  C3N3O3H,  =   3CN0H. 

•  exceedingly  unstable ;  when  taken  out  oE  \j\\e  iteftma^ 
H  it  chaageB,  with  expJosire  ebullition,  into  fke  ^o\^- 


1 
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meric  Cyamelide,  (CONH).,  a  white  porcelain-like  mass  which 
goes  itito  cyanic  acid  again  upon  heating.  Cyanic  acid  com- 
bines with  ammonia  to  cyanate  of  ammonium. 

Potassium  cyaaate,  CNOK,  frequently  also  termed  potas- 
mum  isocyanate,  is  prepared  by  fusing  potassic  cyanide  or 
yellow  pmasiate  of  potash  with  PbO^  or  MnOg :  (CNK  +  0 
IB.  CNOK).    White  plates,  readily  soluble  ia  water  and  alcohol. 

Ammoninm  cyanate,  CNO(NH^),  formB  a  white  cryBtalliue 
mass,  and  is  of  especial  interest  on  account  of  the  reailiness 
with  which  it  changes  into  the  isomeric  urea,  CON^H^. 

When  hydrochloric  acid  is  added  to  these  salts,  there  result 
— instead  of  free  cyanic  acid^ita  products  of  saponification, 
COj  and  NHg : 

CONH  +  H^O  =  CO3  +  NH,. 
This  decomposition  is  avoided  by  the  addition  of  dilute  acetic 
acid    (instead    of  hydrochloric),    but  in    the   latter  case  the 
cyanic    acid    changes    into  its   polymer  cyanuric    acid,    the- 
hydrogen-potassium  salt  of  the  latter  slowly  crystallizing  out. 


i 


From  cyanic  acid  are  derived  two  isomeric  classes  of  alco^ir^s- 
tolic  derivatives,  by  the  replacement  of  the  hydrogen  b-^  -^y 
alcohol  radicles.  The  derivatives  which  are  constituted  oir  -^n 
the  type  N^C.OE  are  termed  the  normal,  and  those  on  tbar^^e 
type  O^C^=NR  the  iso-compoumls. 

I.  When  potassium  cyanate  is  distilled  with  ethyl  iodide  o-^^M^j 
better,  with  potassium  ethyl-sulphate,  there  is  obtained  * 

Ethyl  iso-cyanate  or  cyank  ether,  CO.NCuH^,  a  colourle= 
liquid  of  suffocating  odour,  which  boils  unchanged  at  60°  av 
is  decomposed  by  water.     It  does  not  possess  the  properties 
a  compound  ether,  but  is  broken  up  by  alkalies  or  acids  ir»  to 
■ethylamine  and  carbon  dioxide,  thus  ; 

CONC2H5  +  H,0    =    COj  +  NH,.CjHj. 

Wafer,  which  acts  in  a  similar  manner,  gives  nso  to  tlio  j 
nore  complicated  urea  deirvatWea  ■,  aonaom*  wA%aa-DKt\f 
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also  prodace  derlTatiyes  of  urea  (p.  272),  and  [ilcohol  yielde 
derivatives  of  carbanuc  acid  (p.  270). 

ComCUiition. — The  formation  of  ethylamine  proves  that  the  N  of  the 
cyanic  ether  ia  linked  directly  to  the  alcohol  radicle,  bo  that  the  consti- 
tution is  ;  0=C=B'.CaH,.  It  ia  questionable,  however,  whether  froo 
cyanic  acid  and  cjanate  of  potassium  possess  analogona  constitutionH, 
iince  freiiuent  observations  have  shown  that  the  normal  cyanic  com- 
pounds readily  change  into  the  iso- (see  below);  theoretical  considerations 
indeed  make  it  more  probable  that  cyanic  acid  has  the  constitution 
K=C— OH,  according  to  which  it  appeajs  as  the  normal  a,oid,  with 
cyanogen  chloride  as  its  chloride.  Pctaasinm  cyanate  would  then  be 
N=C-0— K. 

II.  The  so-called  cyan-etholines,  which  are  said  to  result  from  the 
action  of  cyanogen  chloride  upon  Bodinm  alcoholfttos,  are  regarded  aa 
isomeric  with  these  cyanic  ethers,  e.g. 

Cyan-ethoUne,  CN.OCjHg.  From  this  mode  of  formation,  the  cyan, 
ethollnes  appear  to  be  derivatives  of  normal  cyanic  a.cid,  CN.OU  ; 
their  chemical  nature  is,  however,  not  yet  suffioiantly  investigated. 

Cyannrio  aeid,  CgNaOsHa,  =  (CN)3(0H)3  (Sckede).  The 
fonaatioa  of  cyanuric  acid  by  heating  urea,  already  mentioned 
on  p.  257,  ia  easily  underatood  when  one  remembers  that  it  ia 
made  up  of  the  constituents  of  cyanic  acid  and  ammonia,  so 
that,  when  the  latter  is  split  off,  the  former  becomes  free  and 
then  polymerizes,  Cyanuric  acid  fonns  transparent  prisma 
which  contain  2  mola,  H^O  of  crystallization  and  weather  in 
the  air,  and  which  are  readily  aoluhla  in  hot  water.  It  is  a 
tribasic  acid.  The  aodium  Ealt  is  sparingly  aoluble  in  cone. 
NaOH ;  the  copper  salt  possesses  a  characteristic  beautiful 
yiolet  colour.  Upon  prolonged  boiling  with  hydrochloric  acid 
it  is  saponified  to  COj  and  NH,j,  while  phosphorus  pcnta- 
chloride  converts  it  into  cyanuric  chloride,  the  acid  being 
regenerated  from  this  by  water. 

Cyanuric  acid  also  gives  rise  to  two  isomeric  classes  of  alcoholic 
derivatives,  viz,  : 

1.  The  Mormal  cyamiric  ethers,  e.g.  C3N,(0C,H,)j  (a  colourless 
liquid),  which  result  from  the  polymerization  of  the  cyan-etholincs  and 
also  by  the  oction  of  methyl  iodide  otc.  upon  cyanurate  of  silver  at  the 
ordinary  temperature.   '  They  easily  change  into  the  isomeric 

2.  iBa-cyanoTlc   Bthsrs  or  tri-carbim\do  ethers,    «,g.   CjOal,^CJ5.^«, 
"^oinurlesB  Uqoida  which  frequently  result  inatead  oi  the  c^amc  OiVtt»~. 
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for  e/ample,  on  the  distillation  of  cyanurate  with  ethyl-sulphate  of 
potassium.  They  are  further  formed  by  the  polymerization  of  the  iso- 
cyanic  ethers,  being  thus  obtained  as  bye-products  in  the  preparation  of 
the  latter. 

The  normal  compounds  are  broken  up  by  saponification  with  the 
formation  of  alcohol,  and  the  isomers  with  formation  of  ethylamine. 

The  constitution  of  cyanuric  acid  follows  from  its  relation  to  cyanuric 
chloride  as  (CN)s(0H)3,  and  that  of  the  alkyl  derivatives  from  their 
behaviour  upon  saponification.  The  normal  compounds  therefore 
contain,  like  cyanuric  chloride,  the  trivalent  radicle  tri-cyanogen, 
(CN)3,  whose  N-  and  C-atoms  one  assumes  to  be  linked  to  each 
other  alternatively  by  single  and  double  bonds  in  a  ''closed  ring," 
while  the  iso-cyanic  ethers  are  to  be  regarded  as  derived  from  a  hypo- 
thetical original  substance  consisting  of  three  CO-  and  NH-groups 
joined  together  in  the  form  of  a  ring.  (Gf.  A.  W,  Hofmann,  B.  18, 
2755,  3261 ;  also  Benzene  derivatives) : 

CI  OH  (OO2H5) 


1  I!  I  II  I 

Cl— 0  C-Cl  HO— C  0— OH     (CjHjO)-^  C-(OCJl,) 

Cyanuric  chloride.  Cyanurio  acid.  Cyanuric  ether. 

O 

(C.,H.)N/      ^N(CaH,) 


OC.  ,C0 

Isocyanuric  ether. 

In  addition  to  cyanuric  acid  and  cyamelide,  various  other  polymers 
of  cyanic  acid  have  been  described,  but  only  some  of  them  have  been 
closely  studied.     (Cf.  among  others,  J.  pr.  Ch.  32,  461.) 

Further,  in  the  aromatic  series,  derivatives  of  a  Dl-isopyaiiic  add, 
(CO)2.(NH)2,  are  known,  (B.  18,  764). 
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D.  Thiocyanic  Acid  and  its  Derivativea 

PotaBBium  thiocyanate,  sutphocyanate,  -mlphooyanide, 
-rhodanide,  CNSK.  Potaaaimn  cyanide  not  only  combines 
readily  with  oxygen  to  cyanate  but  also  with  sulphur  to  thio- 
oyanate,  either  when  fused  with  sulphur  or  when  its  solution 
IB  evaporated  with  yellow  sulphide  of  ammonium  : 
KCN  +  S  -  CNSK. 

It  is  prepared  by  fusing  yellow  prusfiiate  of  potash  with 
Bolphur  and  potashes.  It  forma  long  colourless  deliquescent 
prisms,  extremely  soluble  in  water  with  absorption  of  much 
heat,  and  also  easily  soluble  in  hot  alcohol. 

Ammonium  thiooyanate,  ammonium  rhodanide^  CNS{NHj), 
results  upon  warming  a  mixture  of  carbon  bisulphide,  concen- 
trated ammonia  and  alcohol  (Millon),  di-thiocarbamate  and 
tri-thiocarbonate  of  ammonia  being  formed  as  intermediate 
products  {seep.  275) r 

C%  +  NHj   =   CNSH  +  HgS, 

Colourless  deliquescent  plates,  readily  soluble  in  alcohol. 
Upon  being  heated  to  ISO'-HO",  it  is  partially  transformed 
into  the  isomeric  thio-urea,  just  as  ammonium  cyanate  is  into 
ordinary  urea.  It  precipitates  silver  thiocyanate,  ONSAg, 
(white)  from  solutions  of  silver  salts,  and  is  therefore 
employed  in  the  titration  of  silver,  with  ferric  sulphate  as 
indicator ;  and  it  gives  with  ferric  salts  a  dark  blood-red  colour- 
ation of  ferric  thiocyanate,  Fea(CNS)„-|- IJHjO  This  last 
reaction  is  exceedingly  delicate. 

L        Mercuroni  thiooyanate,  Hf;n(CNS]2,  ia  a  white  powder  insoluble  in 

I  -water,    whicli    increases    enorraoualj     in    volnme    upon    being   burnt, 

I    (Pharaoh's  aerpoDts).     The  Barluni  salt  ia  used  in  printing  with  alizarin 

Ted.     The  free  Tlilocyaiilc  add,  CNSH,  is  a  pale  yelluw  liquid  with  a 

pDDgeat  odour  reaembling  that  of  glaeia]  acetic  acid,  miacible  with 

water,  and  boiling  at  102°.     It  ia  prepared  cither  by  leading  HjS  over 

the  warmed  mercury  salt  or  into  its  aqueous  solution,  and  also  b;  dis- 

L  tilling  the  potassium  salt  with  dilute  sulphuric  aoid.     It  ia  only  stable 

a  freering  misture  oriu  aqueous  solution,  readWy  Aeconv^nam^  iWwst- 

with  fonnatioa  ol PeiaulpboejKoLc  add,  CiN^jH^  t^^eWow  iw^a^siiiS. 
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Concentrated  sulphuric  acid  decomposes  the  thiocyanates 
with  formation  of  carbon  oxy-sulphide  :  CNSH  +  HgO 
=  COS  +  NHg ;  sulphuretted  hydrogen  decomposes  them  into 
carbon  bisulphide  and  ammonia:  CNSH  +  HgS  =  CSg  +  NHg. 

Cyanogren  snlpliide,  (0N)2S,  is  to  be  regarded  as  the  thio-anhydride 
of  thiocyanic  acid  ;  it  is  prepared  from  cyanogen  iodide  and  silver  thio- 
cyanate,  and  forms  readily  soluble  plates  of  sharp  odour. 


Just  as  in  the  case  of  cyanic  acid,  so  are  there  derived  from 
thiocyanic  acid  two  isomeric  classes  of  alcoholic  derivatiyes, 
by  the  replacement  of  hydrogen  by  alcohol  radicles. 

I.  Compound  ethers  of  thiocyanic  acid  result  from  the 
entrance  of  alcoholic  radicles  in  the  place  of  the  hydrogen  of 
the  acid. 

Ethyl  thiocyanate,  CN.SC2H6,  is  obtained  either  (1)  by  the 
distillation  of  potassium  ethyl-sulphate  with  potassium  thio- 
cyanate, or  (2)  by  the  action  of  cyanogen  chloride  upon 
a  mercaptide.  It  is  a  colourless  liquid  with  a  peculiar  pungent 
odour  of  leeks,  and  almost  insoluble  in  water.  B.  Pt  142'. 
Alcoholic  potash  saponifies  it  in  the  normal  maimer  with 
reproduction  of  potassium  thiocyanate ;  in  other  reactions, 
however,  the  alcoholic  radicle  remains  united  to  the  sulphur. 

Thus  nascent  hydrogen  reduces  it  to  mercaptan,  and  fuming  nitric 
acid  oxidizes  it  to  ethyl-sulphonic  acid. 

It  follows  from  mode  of  formation  (2)  and  also  from  the  reactions  of 
the  thiocyanic  ethers  that  the  sulphur  in  them  is  linked  to  the  alcohol 
radicle.  Consequently  in  the  salts  it  is  linked  to  the  metal  in  question, 
and  in  the  free  acid  to  hydrogen.  We  have  therefore  the  following 
constitutional  formulae : 

N=C— SH  N=C— SK  N=C— SC2H5 

Thiocyanic  acid.  Potassium  thiocyanate.       Ethyl  thiocyanate. 

Alljrl  thiocyanate,  CN.SC3H5.  Colourless  liquid  smelling  of  leeks. 
B.  Pt.  161^     Changes  upon  distillation  into  the  isomeric  mustard  oil. 

II.  Isomeric  with  the  thiocyanic  ethers  are  the  mustard 
oils  C'SenMe.'') 

Allyl  iiso-tiiiocyanate,  commoii  mustard  (yiil,^'^\'^,Cj^^^ia 
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prepared  by  distilling  tlie  eeeds  of  black  mustard  (Sinapis 
niger)  with  water.  ItiaaliquidBparingly  soluble  in  waterand 
of  exceedingly  pungent  odour,  which  produces  blisters  on  the 
skin,  B,  Pt.  161°.  It  results  on  distilling  allyl  thiocyanate, 
by  a  molecular  rearrangement,  and  it  is  also  obtained  by  tlie 
action  of  carbon  bisulphide  upon  the  corresponding  priniaiy 
amine,  allylamine,  thus  : 

CSj  +  NH2.C3H6  =  CS  :  N.C3H,  +  H3S. 

This  reBcticn  does  not,  however,  proceed  exactly  aa  indicated  in  the 
above  equation,  there  being  first  formed  the  allylamine  salt  of  allyl- 
di-tbiocarbamiu  acid,  which  is  changed  into  allyl  iso-thiocyanate  upon 
distillation  with  mercnric  chloride.     (Sao  di-thiocarbaniie  acid,  p.  276.) 

Ethyl  iBo-UUDDyoiutte,  C,HbK.CS,  (B.  Pt.  134°),  and  Hetbrl  lao-tMo- 
oyanate,  CH3N.CS,  (solid,  M.  Pt.  34°,  B.  Pt.  119°),  etc,  closely 
resemble  the  allyl  compound,  and  are  obtained  in  an  annlogouB  manner 
by  the  action  of  carbon  bianlpbide  npoa  ethylamiue,  methylamine,  etc. 

The  mastard  oils  also  resnlt  from  the  diatillation  of  alkylated  thio- 
nreaa  (p.  211)  with  sympy  phosphoric  acid  {Nofniaiin,  6.  is,  93Q),  or 
with  concentrated  hydrochloric  acid.  They  break  up  on  being  saponi- 
fied, with  reprodnution  pt  the  priniary  amines  from  which  they  con  ba 
prepared  ; 

CS.NCaHs  +  2H5O  =  NRj.CaH,  +  H,S  +  CO,. 

They  are  connected  with  the  tbio-ureas  by  Tarious  reactions,  and 
also  with  the  cyanic  ethers,  since  in  the  latter  O  can  be  replaced  by  S, 
but  in  the  mustard  oils,  on  the  contrary,  S  by  0. 

The  eomitUiUioii  of  the  mustard  oils  follows  from  their  relation  to  the 
primary  amines,  the  alkyl  being  linked  to  nitrogen  in  both  classes  of 
oumpoundii  I  the  constitutional  formula  of  methyl  iso-thiocyanate  is 
therefore  S=C=N— CHa.  lao-thiocyonic  acid,  8C=NH,  is  itself 
unknown. 

Pdymere.  Dlthio-dlcyaalo  add,  CaNjSjHj.  The  potossinm  salt  of 
this  polymer  has  been  described,  but  little  is  known  about  it. 

TWo-cyanurlc  acid,  (CjNjJISHja,  is  a  tcibasic  acid.  Yellow  powder. 
The  primary  sodium  salt,  CsNjISHJaSNa,  crystallizes  well.  It  is  formed 
e.g.  by  the  action  of  cyanaric  chloride  upon  sodium  sulphide,  whence 
ita  constitution  follows.  Its  Trl-metliyl  ethsr  results  along  witb 
methyl  iso-thiocyanate  upon  heating  methyl  thiocyanate  to  1S0°,  by 
e  polymerization  and  subsequent  molecular  transformation  of  the 
latter. 
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E.  Oyanamide  and  its  Derivatives. 

Gyanamide,  CN.NHg,  (Bineau),  is  formed  : 

1.  By  leading  cyanogen  chloride  into  an  ethereal  solution  of 
ammonia : 

CNCl  +  2NH3  =  CN.NH2  +  NH4CI. 

2.  By  the  action  of  HgO  upon  thio-urea  in  aqueous  solution, 
("  desulphurization  ")  : 

NH2— CS— NH2  =  NCNHj  +  HgS. 

Colourless  crystalline  hygroscopic  mass,  readily  soluble  in 
water,  alcohol  and  ether.  M.  Pt.  40'.  When  heated  to  150% 
it  changes  into  the  polymeric  melamine  with  explosive 
ebullition.  In  the  same  way  it  easily  goes  into  the  polymeric 
dicyan-diamide  on  evaporating  its  solution  or  allowing  it  to 
stand.  Dilute  acids  cause  it  to  take  up  the  elements  of  water, 
with  formation  of  urea:  CN.NHg  +  HgO  -  CONgH^;  and 
it  combines  in  an  analogous  manner  with  sulphuretted 
hydrogen  to  thio-urea.  When  heated  with  ammonia  salts  it 
yields  salts  of  guanidine. 

Cyanamide  behaves  as  a  weak  base,  forming  crystalline 
easily  decomposable  salts  with  acids  and,  at  the  same  time,  as 
a  weak  acid,  yielding  a  sodium  salt,  CN.NHNa,  a  lead  and  a 
silver  salt,  etc.  The  last  is  a  yellow  powder  and  has  the 
composition  CNgAgg. 

Cyanamide  also  gives  rise  to  two  isomeric  series  of  alcoholic  deriva- 
tives, by  the  replacement  of  the  hydrogen  by  alkyl. 

I.  Methyl-  and  Ethyl-cyanamides  are  prepared  e.g.  from  methyl-  and 
ethyl-thio-urea.  Di-ethyl-cyanamide,  ONaCC^HsJa,  is  obtained  by  treat- 
ing silver-cyanamide  with  ethyl  iodide.  Acids  saponify  it  to  CO2,  NH3 
and  NH(C2H5)2,  hence  it  possesses  the  constitution  N^C — N(C2B[b)2  : 

N=C-N(C2H6)2  +  2H2O  =  NHs  +  CO2  +  NH(C2H5)2. 

From  this  it  follows  that  cyanamide  has  most  probably  the  constitu- 
tion which  corresponds  with  its  name,  viz.,  NEEC — NHg. 

II.  Other  cyanamide  derivatives,  which  are  chiefly  known  in  the 

aromatic  series,  spring  from  a  hypothetical  isomer  of  cyanamide,  viz. , 

Carbo-di-imide,  NH=C=NH  ;  for  instance,  Diphenyl-caxbo-di-imide, 

CN^/C^Hj)^.     Boiling  with  acids  likewise  decomposes  them  into  COg 

and  an  amine,  but  the  latter  can  only  be  a  TpT\m«.Ty  one. 


r 


I 


ISOMERISM   IN  THE 

Polymeri.  Dieyaii-dlamlde,  jw.ranw,  CjKjH,  (p.  204).  Crystallizt 
ill  iMautUul  broiid  needles  or  prisms,  nnd  has  probably  tbe  cotiatitutio 
N=G— NH— C-^^^  ,  (B,  19,  440).  Like  cyananiide,  it  yielila  mela 
mine  when  strongly  heated. 

Melamlne,  cyanuramide,  CjNjHs,  {Lkbig,  1838),  forms  glancin 
rhombic  octahedra,  insoluble  in  oloohol  and  ether,  and  posseaaes  l>asi 
propertiea.  When  it  is  boiled  with  acids,  the  NUg-  groups  are  suueef 
aively  replaced  by  OH  with  tbe  formation  of  AnunelliM,  (CN)„(NHa),OH 
AmmBUdB,  (CN)jNHa(OH)a,  and  finally  cyanuric  aoid,  (CN)3((JH1| 
Mclaiaine    has    therefore   the    canatltntion  (CN)a(NH,)j,    =   tricyai 

Further,  alkylated  melamines  are  derived  from  the  latter  by  th 
replacement  oE  hydrogen  by  alliyl,  and  in  addition  to  these  ther 
exists  an  isomeric  ciaas  of  compouiida  of  which  the  hypothetico 
"iBO-melamine,"  [C(NH)]3(NH)j,  is  the  basis.  To  this  class  belong  th 
polymerization  products  of  the  alkyl  cyanamides.  The  following  con 
stitutional  formulae  are  ascribed  to  these  two  series,  (K=Alcoho 
radicle) ; 

■^^\  /^  \ 

N^       ^N  and  RN^  RN 

NIt,C^      ,C.NR,  NR=C  .C=t 

Melamines.  Iso-melamines. 

For  partieulare  see  A.  W,  Hofmann,  B.  IB,  2755,  3217. 


P.  Appendix.     Theoretical  Considerations  as  t( 
isomerism  in  the  Cyanogen  Group. 

As  has  already  been  explained,  there  are  derived  from  bydrocyaiii< 
acid,  cyauic  acid,  thiocyanic  acid  and  cyanamide,  and  also  from  thei 
polymers,  two  classes  of  isomeric  alooholio  derivatives  which  diffe 
sharply  from  one  another  in  their  products  of  decomposition.  The; 
correspond,  properly  speaking,  to  two  isomeric  mother  substoncea- 
tbe  "normal"  and  "psoudo"  forms  (.dd.  Baeytr) — only  one  of  which 
however,  is  known  in  the  free  state,  viz.,  the  normal  compound,  (cf 
Hofmami,  loc.  cit.).  The  fact  that  the  isomeric  form  has  never  bcei 
obtained  may  be  esplaioed  by  assuming  that  it  repTeseata  mv  \uiAiK 
al»te  of  eqoiUbriiua  oi  the  atoms,  and  that,  when  ottem'ptR  me  -meAs 
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prepare  it,  it  immediately  undergoes  molecular  transformation  into  the 
other,  stable,  form.  When  the  hydrogen  is  replaced  by  alkyl,  both 
varieties  of  atomic  groups  are  in  most  cases  capable  of  existence, 
although  even  here  also  a  difference  in  stability  is  observed,  the 
normal  compounds  changing  very  readily  into  the  iso-  (or  pseudo-)  com- 
pounds. In  consequence  of  this  one  obtains  the  iso-cyanic  ether  directly 
from  potassium  cyanate  instead  of  the  normal  one,  allyl  thiocyanate 
readily  changes  into  the  iso-thiocyanate,  and  iso-cyanuric  ether  is 
usually  got  instead  of  cyanuric,  etc.,  etc.  It  is  also  conceivable  that 
the  mother  substances  may  possess  both  the  above  constitutional 
formulae,  i.e.  that,  by  the  wandering  of  an  atom  of  hydrogen,  their 
atoms  may  sometimes  arrange  themselves  in  the  one  and  sometimes  in 
the  other  form,  and  that  they  may  accordingly  show  the  reactions  of 
either,  ("  Tautomerism  ").  The  discussion  upon  this  point  is  still  going 
on.  (Of.  Lctar,  B.  18,  648;  19,  730.)  Among  other  compounds 
regarding  which  considerations  of  this  nature  have  been  advanced,  may 

be  specially  mentioned  thio-urea,  CS(NH2)2  or  C(NH)|g'^2   (p,  277), 

thiamides   of  monobasic  acids,  R — CS.NHa  or  R — C^gg-     (p.  184), 

aceto-acetic  ether,  CHs-CO-CHa-COaR  or  CH[8-C(OH)=CH-C02R, 
succino-succinic  ether,  phloroglucin,  isatin,  carbostyril,  etc.  One  of 
the  formulae  in  question  of  these  substances  is  convertible  into  the 
other  simply  by  the  wandering  of  a  hydrogen  atom.  It  has  been  proved 
that  many  of  these  compounds  react  in  a  manner  which  corresponds  as 
well  with  the  one  formula  as  with  the  other.  When  a  "  change  in  the 
bonds"  of  such  "  tautomeric"  substances  occurs,  it  is  termed  **desmo- 
tropism,"  {Hantzsch  and  Herrmann^  B.  20,  2081).  In  the  case  of  the 
derivatives  of  succino-succinic  ether,  these  "  desmotropic  states  "  are 
coincident  with  changes  in  physical  properties ;  the  compounds  are 
sometimes  coloured,  sometimes  colourless,  and  at  the  same  time  one 
of  the  states  is  unstable,  the  other  being  stable. 


XIII.  OARBONIO  AOID  DERIVATIVES. 

Carbonic  acid  is   a"  dibasic   acid,    forming  two   series   of 
salts,  e.g.  NagCOg  and  NaHCOg.     The  hydrated  acid  itself, 

OH 
COgHg,   =   ^~^^0H*  ^®  unknown,  but  may  be  supposed  to 

exist  in  the  aqueous  solution. 

Its  empirical  formula  shows  carboinc  to  be  the  lowest  oxy-acid 
CnH2a08,  t,  €.  it  Ifl  homologous  with  g\yco\\\c  «.c^^^Ti^iaa.'^\i^VsOtfc^'vsc^\i 
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•B  oiy-formic  acid.  Ita  dibosii:  DHture  is  explamed  by  the  lailmnyl 
group  appu'entlj  extending  its  iLCidifying  obaraoter  over  both  hydi'oxylB 
equ&lly.  Since  the  latter  are  both  linked  to  one  corbim  atom,  the  non- 
existaoce  of  the  free  hydrate  is  readily  understood  (nee  p.  131,  etc.). 

The  salts  of  carbonic  acid  and  those  of  several  of  its  derivar 
tives,  such  as  carbon  bisulphide,  CS^,  and  carbon  oxy-sulphide, 
COS,  have  been  already  treated  of  under  inorganic  chemistry. 
But  there  still  remain  for  description  the  compound  ethers, 
chlorides  and  amides  of  carbonic  acid,  two  series  of  which 
exist,  acid  and  neutral,  as  in  the  case  of  all  the  dibasic  acids, 
C„Sto_,0,.  The  neutral  compounds  are  well  characterized 
and  are  very  similar  to  those  of  oxalic  or  succinic  acid ;  the 
acid  compounds  on  the  other  hand  are  unstable  in  the  highest 
degree  when  in  the  free  state,  and  are  known  almost  only  na 
salts.  Many  mixed  derivatives  have  also  been  prepared,  e.g. 
carbamic  ether,  CO(NH2)(OC2H5),  analogous  to  oxainethane 
(p.  233). 

Summary. 


Neutral 
dorivativeB. 

C0(00^,), 
Ethyl  carbonate. 

Carbunyl  uXride. 

'^^«f"'' 

Aeid 
derivativeB. 

C0(0CjHj).OH 
Ethyl  carbonic  aoid, 

cotaHOH) 

Chloro-carboniu  acid. 

CO(NHjKOH) 
Carbsmio  acid. 

Mined 
derivatiyEl. 

C0(C1)(0C,H.) 

"TSr-"-' 

The  modes  of  /ormalion  of  these  componnda  are  for  the  i 
eiactly  analogoas  to  tlioae  of  the  eorreaponding  derivativi 
monobaait:  acids  and  of  oxaliu  acid. 


A.  Ethers  of  Carbonic  Acid. 

ESthyl  carbonate,  GOiOG^B.^,  is  formed  ■. 

i.  By  the  action  of  ethyl  iodide  upon  silver  caiWu&tft  ■, 
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2.  By  the  action  of  alcohol  upon  chloro-carbonic  ether,  and 
therefore  indirectly  from  carbon  oxychloride  and  alcohol : 

CO(OC2H5)Cl  +  C2H5OH  =  CO(OC2H6)2  +  HCL 

It  is  a  neutral  liquid  of  agreeable  odour,  lighter  than  water 
and  insoluble  in  the  latter.    B.  Pt.  126°. 

Analogous  Methyl-,  Propyl-,  etc.  carbonates  are  known,  and  also 
ethers  containing  two  different  alcohol  radicles.  It  is  a  matter  of  no 
consequence  which  of  these  radicles  is  introduced  first  into  the  molecule, 
a  proof  of  the  equal  valency  of  tha  two  hydroxyls. 

Ethyl-carbonic  acid,  CO(OC2H5)(OH),  corresponds  exactly 
with  ethyl-sulphuric,  but  is  much  less  stable  and  only  known 
in  its  salts. 

Potassium  ethyl-carbonate,  CO(OC2H5)(OE),  results  upon  passing 
CO2  into  an  alcoholic  solution  of  potassium  ethylate :  CO2  +  EOO2H5 
=  C03(C2H5)K.  It  crystallizes  in  glancing  mother-of-pearl  plates,  but 
is  decomposed  by  water  into  potassium  carbonate  and  alcohoL 


B.  Chlorides  of  Carbonic  Acid. 

Carbon  oxy-chloride,  carhonyl  chloride^  phosgene,  COClg, 
(/.  Davy).  This  compound  is  analogous  to  succinyl  chloride, 
03114(0001)2,  and  to  sulphuryl  chloride,  SOgOlg.  It  is  ob- 
tained by  the  direct  combination  of  carbonic  oxide  and 
chlorine  in  sunlight,  etc.,  and  also  by  the  oxidation  of  chloro- 
form by  means  of  chromic  acid.  Oolourless  gas,  condensing 
to  a  liquid  below  +8°,  of  exceptionally  suffocating  odour. 
Soluble  in  benzene.  As  an  acid  chloride  it  decomposes 
violently  with  water  into  COg  and  HOI.  It  therefore  trans- 
forms hydrated  acids  into  their  anhydrides,  with  separation  of 
water,  and  converts  aldehyde  into  ethylidene  chloride.  It 
yields  urea  with  secondary  amines  of  the  fatty  series,  and 
carbamic  chlorides  with  secondary  amines  of  the  aromatic.  Is 
employed  in  the  preparation  of  salicylic  acid. 

Chloro-carbonic  acid,  OOOl(OH),  the  acid  chloride  of  car- 

bonic  acid  analogous  to  chlor-oxalic  acid  (p.  232),  has  too 

great  a  tendency  to  break  v\p  into  COc^^xA^^X'Wi  ^orw  o?  \fca 
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existcncQ  either  in  the  free  state  or  in  that  of  salta.  As  a 
monobasic  acid,  however,  it  forms  etliere,  e.ij.  Chi oro -carbonic 
ether,  C0(CIX0C^B.^)  ( =  chloro-formic  ether,  CI— CO.OCjHJ, 
which  results  from  the  action  of  carbon  oxy-chloride  upon 
alcohol,  (Dumas,  1833) : 

COOij  +  C,H,OH  =  COOKOCaHJ  +  HCl. 

TJiis  is  a  volatile  liquid  of  very  pungent  odour,  which  boils 
at  94°.  It  reacts  as  an  acid  chloride,  being  decomposed  by 
water,  and  is  therefore  specially  fitted  to  eifect  the  synthetical 
entrance  of  the  carbosyl  group  into  many  compounds. 

THa  correspouding  Methyl-  etc.  etIierB  are  very  similar. 


O.  Amides  of  Carbonic  Acid. 

The  neutral  amide  of  carbonic  acid  is  urea  or  carbamide, 
the  acid  amide  or  aminic  acid  is  carbamic  acid.  Imido-carbonio 
acid,  C{NH)j,TT,  would  be  an  imide  of  carbonic  acid,  but  it  is 
only  known  in  ita  derivatives,  {Saiidmeyer,  B.  19,  862). 

The  hypothetical  form  of  cyaoio  acid,  CO=NH  (see  table,  p.  250), 
would  also  be  an  imide  of  carboDic  acid,  and  that  of  cyanamide,  C(NH)g, 
a  di-imide,  while  cyanio  acid  itself  is  to  be  regarded  as  a.  half  nitrile, 
with  cyanamide  as  ita  amide.  The  rtcently  prepared  Imido- carbonic 
otier,  C.NH(0.C^is)5,  (K  IB,  894),  is  an  imido-corapouod  of  carbonic 
aoid.  The  amidiae  of  carbonio  acid  is  guanidine.  The  "  ortho-amide  " 
of  oarbonio  acid,  which  would  possess  the  formula  C(NHj)j,  is  un- 
known ;  when  it  might  he  expected  to  be  formed,  gnanidine  and 
'a.  result  instead. 


trhe  modes  of  formation  of  urea  and  of  carbamic  acid  are 
ictly  analogous  to  those  of  the  amides  in  general ; 
I.  By  the  action  of  ammonia  upon  ethyl  carbonate  : 
CO(O0aH,)3  +  2NHb  =   0O(NH3)3  +  2Q^B.^.OB.. 
CO(OC8H5)j  -^    NHj  =  CO(OCsH5)NH3  -t-  C^H.OH. 
2.  By  the  abstraction  of  the  elements  of  water  from  car- 
late  or  carbamate  of  ammonia,     Dry  catbon  i\os.\i.\ft  wcA, 
monia  combine  feg'efizerdi'rectiy  to  aiiim.OTUVOiica.'iV>Mfi'i'i^,'^'& 
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BO-called  aDhydroua  carbonate  of  ammonia,  CO(NHg).OH,  NH„^ 

which  goes  into  urea  when  heated  to  135°,  or  when  exposed. 

to  the  action  of  an  alternating  current  of  electricity,  thua  : 

C0(NHj).0H,NH3   =   CO(NH2)3  +  H,0. 

3,  By  the  action  of  ammonia  upon  carbon  oxy-chloride  : 

COCl^  +  4NHg   =  C0(NH2)j  +  2NH,C1. 
CO(OC3H5)CI  +  2NHs  =  C0(0CjH5)NHj  +  NH.CI. 

Carbamic  acid,  CO{NHj)OH.  Carbamate  of  ammonia, 
which  forms  a  white  mass,  dissociates  at  60°  into  2If  H^  +  COj. 
Its  aqueous  solution  does  not  precipitate  a  solution  of  chloride' 
of  calcium  at  the  ordinary  temperature,  since  calcium  car- 
bamate is  soluble  in  water,  but,  if  it  is  heated,  saponiScatioa ' 
into  COj  and  NH,  ensues  Eind  calcium  carbonate  is  throwQi 
down. 

Urethana,  C0{N'H2){0C2H(},  is  the  ethyl  ether  of  carbamiei 
acid.  It  is  formed  according  to  method  3,  and  also  by  tha 
direct  union  of  cyanic  acid  with  alcohol.  Large  plates,  easily^.i 
soluble  in  water,  etc,  M.  Pt.  47°-60°.  Boils  unchanged  and'! 
acts  as  a  soporific. 

AnaldgouB  Uetlifl-  etc.  etbera  of  carbamio  acid  are  also   known.. 
The7  are  all  rosdily  saponiSed  by  alkalies  into  the  atuohal,  COj  i 
NHg,  ajid  go  into  nrna  when  heated  with  ammonia. 

Cajtamlc  cUorlde,  CO^,   '  is  obtained  by  the  action  of  COC],  npoAj 
NH4CI  at  400°.     It  forma  long,  compact,  colourleas  needles  of  pungo 
odour.     M.  Pt.  50°,  B.  Pt.  61-62°.     It  reacts  violently  with  1 
amines,   etc.,   and    Berves   for    the    synthesis    of   organic    aoida   (b^ 
these).      Among  ita  derivatives  is  eg.   JH-methyl- carbamio   c&lorli 
C0[N(CS,)5]C1. 

In  tlie  same  way  alkylated  carbamic  acids,  CO(NER)OH,  which 
only  stable  as  ethers,  bavo  been  prepared,  e.g.  Etbyl-carbamlc  e 
etliyl-Krethane,  CO(NH.CjH()(OCsHj),  a  liquid,  B.  Pt.   175%  which  i 
formed  e.j.  by  the  direct  combination  of  cyanic  ether  with  alcohol  ■ 
100°. 

Urea,  carbamide,  CO(NH2)2.     Was  first  found  in  urine  I 
1773.     Is  contained  in  the  urine  of  mammals,  birds  and  » 
reptiles,  and  also  in  other  animal  fluids.     A  grown  man  | 
duces  about  30  grm.  daily.    Utesi  w  tina  ^tusli  ^'bwm.^*mtu 


Ffffoduct  from  the  oxidation  of  the  nitrogenona  compounda  in 

■  the  organism. 

■  Formaiwn.  From  ethyl  carbonate,  carbamic  acid  and 
I  phosgene,  as  given  above,  and  synthetically  by  the  molecular 
k  transformation  of  ammonium  cyanate,  by  warming  its  aqueous 
k  Bolution  or  allowing  it  to  stand,  (WoMe^;  1828;  see  pp.  1 
I  Mid  368): 

I  CN.0H,NH8  =  C0(NH2)a. 

W        It  is  fnrthar  formed  from  cynnamide  aaA  water  : 

I  CN-NHa  +  H,0  =  C0(NH,)5 ; 

I    by  the  partial  BAponili cation  of  guauLdiue  (p.  2TS) : 

'  C(NH)(NH,),  +  H,0  =  CO(NH,),  +  NH, ; 

by  heating  onamide  with  mercurio  oxide,  by  the  breaking  up  of  creatine, 
by  tneiuui  of  alkali,  and  by  the  oxidation  of  uric  acid,  etc.  etc. 

pTepwraikn.  1.  By  evaporating  urine,  adding  nitric  acid, 
and  decomposing  the  separated  and  purified  nitrate  of  urea  by 
barium  carbonate.  2.  By  mixing  a  solution  of  potassium 
cyanate  (from  the  ferro cyanide),  with  ammonium  sulphate 
and  evaporating  : 

2CN0K  +  (NH,),SO,  =  COINHa)^  +  K,SO,. 
It  crystallizes  in  long  rhombic  prisms  or  needles  of  a  cooling 
taste,  which  are  very  readily  soluble  in  water,  readily  also  in 
alcohol,  but  not  in  ether.  M.  Pt  132°.  When  strongly 
heated  it  yields  ammonia,  cyannric  acid,  biuret  and  ammeltde. 
As  an  amide  it  is  readily  saponified  by  boiling  with  alkalies 
or  acids,  or  by  superheating  with  water : 

C0(NHj)3  +  H3O   =  CO2  +  2NH3. 
[        Nitrous  acid  reacts  with  it  to  produce  carbon  dioxide, 
I  nitrogen  and  water  : 

I  CO(NH2)2  +  2NO2H  =   CO2  +  2Ng  +  3H,0. 

I  Sodium  hypochlorite  and  hypobromite  act  in  a  similar 
Kcnauner,  {Bavii,  Knop).  Sufner's  method  of  estimating  urea 
Bouantitatively  depends  upon  the  meaBurement  of  the  uvlYo^ftti 
Hgiiis  obtajiied,  (J.  pr.    Ch.  [2]  3,    1),     When  -waraiiii  -^VSIq. 
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alcoholic  potash  to  100**,  urea  is  converted  into  cyanate  of 
potassium  and  ammonia.  The  basic  character  of  ammonia  is 
greatly  weakened  in  urea  by  the  influence  of  the  negative 
carbonyl. 

Among  the  salts  of  urea  with  acids  may  be  mentioned  Urea  nittate, 
CON2H4,  HNO3,  which  crystallizes  in  glancing  white  plates,  easily 
soluble  in  water  but  only  slightly  in  nitric  acid;  also  the  cbloride, 
oxalate  and  phosphate.  But  like  acetamide  urea  also  forms  salts  with 
bases,  especially  with  mercuric  oxide,  e.g,  CON2H4  +  2HgO ;  .finally  it 
yields  crystalline  compounds  with  salts,  e,g.  Urea  BOdlum  cbloride, 
CON2H4  +  NaCl  +  HjO  (glancing  prisms),  and  Urea  sllyer  nitrate, 
CON2H4  +  AgNOg  (rhombic  prisms).  The  precipitate  which  is  ob- 
tained on  adding  mercuric  nitrate  to  a  neutral  aqueous  solution  of  urea 
has  the  formula  2CON2H4  +  Hg(N03)2  +  3HgO ;  upon  its  formation 
depends  Liehig^s  method  for  titrating  urea.  (See  the  memoirs  of 
Pfluger  and  BoMand  on  the  subject,  e,g.  Pfluger,  Arch.  f.  Phys.  88, 
676). 

Isomeric  with  urea  is  the  amid-oxime  Isuret,  CH(NH)(NH.OH), 
which  results  from  HON  and  NHgOH  ;  it  crystallizes  in  prisms. 

Alkylated  ureas  are  obtained  by  the  exchange  of  the 
amido-hydrogen  atoms  for  1,  2,  3,  or  4  alcohol  radicles. 

They  are  produced  by  WdMer's  method  of  synthetizing  urea,  viz.  by 
the  combination  of  cyanic  acid  with  amines,  or  of  cyanic  ethers  with 
ammonia  or  amines,  thus  : 

CO.NC2H5  +  NH2.C2H6  =  CO(NH.C2H5)2. 

Also  from  amines  and  carbon  oxy-chloride.  As  examples  may  be  men- 
tioned : 

Methyl  urea,  C0<^8(.g-  ;        o-Di-ethyl  urea,  C0<^|;^2H5^ 
Ethyl  urea,   C0<gH2^^jj^ ;      ^-Di-ethyl  urea,  CO<^^g^^^. 

They  are  in  part  very  similar  to  urea,  in  part  however  liquid  and 
volatile  without  decomposition.  Their  constitution  follows  very  simply 
from  the  nature  of  the  products  which  result  on  their  saponification  ; 
thus,  a-di-ethyl  urea  breaks  up  into  CO2  and  2  mols.  NH2.CaHg,  and 
the  j8-compound  into  COg,  NH3  and  NH (028^5)2,  in  accordance  with  the 
law  enunciated  on  p.  101,  that  alcoholic  radicles  which  are  directly 
bound  to  nitrogen  are  not  separated  from  it  by  saponifying  agents. 

For  Hydrazine  derivatlyes  of  urea,  see  p.  118. 

Acid  derivatives.     By  the  entrance  of  acid  radicles  into 
urea,   its  acid  derivatives  ot  "TJiev^^^'^  \^%\j^.\»»    Tc^^'s*^  ^re 
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formed  by  the  action  of  acid  chlorides  or  anhydrides  upon 
urea,  or  by  the  action  of  phosphorus  ojcy-chloride,  POCl^ 
upon  a  mixture  of  the  latter  with  the  acid.  They  correspond 
in  their  properties  to  di-acetamide  (p.  ISO).  To  this  class 
belong  Acetyl  urea,  CONjHj^CjHgO),  and  Allophanic  acid, 
COfNHjXSH-COjH).  Divalent  monobasic  acids  also  form 
iireidea,  not  only  in  virtue  of  their  alcoholic  nature,  but  as 
alcohol  and  acid  at  the  same  time,  thus  : 

H,d.»toic  .^  CO<Jf  :(;h^_co^  /NH.CH-CH. 


glyoollic  acid  ;  the  former  goes,  on  sapoDificatioo,  into  hydantoie  aoid, 
which  in  its  turn  U  broken  up  into  CO^  NH,  and  glyoocoU.  They  ace 
oblainGd  from  certain  uric  acid  deriTatives  [e.g.  allaDtoin)  by  the 
action  of  hydriodic  aoid,  and  bIbo  synthetically,  for  instance,  hydan- 
toic  acid  from  glycocoll  and  cyanic  acid.  A  HeUiylhydantoin, 
C,H,(CHj)N^i,  resnlta  from  the  gentle  aapooificatiou  of  ereatinine 
(p.  278J,  NH  being  here  replaced  by  O. 

Kethjl-aia^afl,  C0<JJ^3^{^'^''>CH,  ia  a  nreide  resulting  from 
the  aetion  of  aceto-acetic  ether  npon  urea. 

For  ureides  of  dibasic  acids,  see  the  uric  acid  i'roun,  a  279. 


BlnrW,  NH<^5_jJg,   =  C,H,NaOj,  is  obtained  by  heating  urea 

to  160°:  I 

2NHj.CO.NHs  =  NHj  +  NH(C0.NH5l.,.  I 

It  cryatallizes  in  white  nendlsa  (  +  HjO),  readily  aolnble  in  water  aad 

aldohol.     The  alkaline  eolation  gives  a  beautiful  violet-red  colouration      J 

1  the  addition  of  a  little  cupric  sulphate, — -the  "biuret  reaction." 
Biurut  also  results  from  the  action  of  ammonia  upon  the  iOlopliaillo 
n&ers,  crystalUue  compounds  sparingly  eatable  in  water,  which  are 
prepared  from  area  and  chloro- carbonic  ethera,  thus  : 

CO(NH,)j  +  Ol-COAHs  =  C0(NHs)(NH.C0sC3H,)  +  HCI. 
Allophanic   acid    itaelf    ia    not    known    iii    tho    frte    state,    aa  it 
immediately  breaks  up  into  urea  and  carbon  dioxide.     Biuret  may  be 
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Carbonyl  di-nrea,  C0(NH.C0.NH2)a.  From  carbon  ozy-chloride 
and  urea ;  prisms. 

D.  Sulphur  Derivatives  of  Carbonic  Acid. 

To  most  of  the  carbonic  acid  derivatives  which  have  been 
described,  there  exist  analogous  compounds  in  which  the 
oxygen  is  wholly  or  partially  replaced  by  sulphur.  Many  of 
these  again  are  unstable  in  the  free  state,  from  the  fact  of 
their  being  too  readily  saponifiable  to  COg,  COS  or  CSg,  but 
they  are  known  as  salts  or  at  least  as  ethers.  The  latter  are 
often  not  real  ethers,  in  so  far  that  those  which  contain  an 
alcoholic  radicle  linked  to  sulphur  do  not  yield  the  correspond- 
ing alcohols  on  saponification  (which  is  always  eiasy),  but 
mercaptans,  in  accordance  with  the  intimate  character  of  this 
linking. 

Among  these  ethers  there  exist  numerous  isomers  which 
cannot  be  described  in  detail  here.  Thus  we  are  acquainted 
with  two  varieties  of  mono-  and  of  dithio-carbonic  ethers, 
and  with  isomers  of  thio-  and  dithio-carbamic  ethers,  as  also 
of  the  alkylated  thio-ureas  (imido-carbamic  acid  derivatives). 
Of  the  acids  which  form  the  basis  of  these,  only  one  form  of 
each  is  known,  as  in  the  case  of  the  cyanogen  compounds  ; 
the  remarks  already  made  with  respect  to  the  constitution  of 
the  latter  (p.  265,  F.)  apply  here  also. 

The  following  summary  gives  the  substances  (part  of  them 
being  only  known  as  derivatives)  wh  ch  form  the  basis  of 
these  compounds  : 


Tri-thiocarbonic  acid,  CS(SH)a 

C  SH 

Carbonyl  di-thio-acid,     COg-rj 

Di-thiocarbonic  acid,       ^Sq^ 
H  I  Carbonyl  mono-thio- acid  COqtt 

<S\  Q-g- 

xj  I  Mono-thiocarbonic  acid,  CSq^^ 


o. 
o 


TAiocarbamic  chloride,  CSq^^^ 


bf  f  Di-thiocarbamic  acid,    CSgg  » 

Imido-carbo-di-  \       n/-vrrr\SH 
thio-acid,         /      ^^^**'SH 

/  Carbamine  mono-thio-  'i  i^rJSH^ 
acid,  r^^R 


O 

CO 

o 


J»uiu,  J        on         i 

Mono-thiocarbamic  'i    rtaNK      | 
acid,  /   ^^OE       I 

mido-carbo-  \  n/xrxrxSH      f  ■ 

mono-thio-acid,  /  '^^■'^^^OH     |^ 

H^  fThio-carbamide,  CS™^ 

[  ^  V  Imido-carbamine  'i  r«/xnT\Nfii 

See  note,  ^.  xxm. 


fd 
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The  above  table  shows  that  these  compounds  are  of  three 
Idnds.  The  first  contain  the  group  ==0=8,  ami  are  called 
"  Ihiocarbonic  "  and  "  thiocarbamic  "  compouods ;  the  second 
contain  the  group  ^C^O,  and  are  termed  "  carbonyl "  and 
"  carbamine  "  compoundB  ;  while  the  third,  which  contain  the 
group  =:C=^NH,  are  the  "  imido-carbo "  and  the  "  imido- 
carbamic"  compounds. 


n  is  proved  experiiDentfllly  by  the  decompoaition  pro. 
ducts  obtained  by  the  sapooilicatioii  of  the  isomorio  compouodB.  Tbna 
methyl  thio-carbamide  or  methyl  thio-area,  C'S(NHj)(NH.CHa)  (white 
crystals),  brcokn  Dp  into  CO,,  SH,,  NHg  and  methylaoiiae,  while  tbe 
isomeric  iraido-carbamic  thio-acid  methyl  ether  or  "  imido-carbauiine- 
thio-methyl,"  C(NH)(NHs)(S.CHb),  ia  decomposed  into  COj,  2NH(  and 
methyl  mercaptan,  or — when  in  the  free  state — into  methyl  ntercaptaii 
and  cyanamjde. 

Tliio-phosgene,  tUocarhonyl  chloride,  CSCIj.  When  chlorine 
IB  allowed  to  act  upon  carbon  bisulphide,  there  ia  first  formed 
the  compound  CC1,|SC1,  which  is  converted  into  thio-phosgene 

iby  SoClj.  Thio-phosgene  is  a  red  mobile  strongly  finning 
liquid  of  sweetish  taste,  which  attacks  the  mucous  membrane; 
B.  Pt.  68-74°.  In  its  chemical  behaviour  it  closely  resembles 
phosgene,  but  is  much  more  stable  towards  water  than  the 
latter,  being  only  slowly  decomposed  even  by  hot  water.  It 
ferms  ammonium  sulphocyanide — (not  thio-urea) — with 
ammonia.     (Cf.  B.  20,  2376  ;  21,  337.) 

Thiocorbonic  acids.  Tri-thiocarbonJc  acid  is  made  up  of 
the  constituents  CSg  +  H^S,  so  that  carbon  bisulphide  ts  its 
tiiio-anhydride,  white  the  di-thiocarbonic  acids  contain  the 
dements  of  CS^  +  Rfi  or  of  COS  +  H^S,  and  the  mono- 
acids  those  of  COS  +  HjO  or  of  CO^  +  HjS.  We  lind 
accordingly  that  CSj  combines  with  Na„S  to  CS^Naj,  with 
KSCgHj  to  CS{SC2Hj)SE,  with  KOC^H's  (i.e.  an  alcoholic 
solution  of  potash)  to  CS{OC2H5)SK,  potassium  xanthate. 
In  a  similar  manner  COS  and  CSCI^  combine  with  mercaptides 
and  alcoholatcs. 

Trl-thloDarbonlc  add,  unfphorarbonlc  add,  CRgHj,  is  a  brown  easily 

(flecoinpoaable  oil,  insoluble  in  water,  and  its  Otbyl  eUui,  C&^t^^r^^^  n. 

^nid  boiliBg  at  240°. 
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Potassium  Xanthate,  CS(OC2H5)SK,  (Zeise),  whose  prepara-1 
tiftn  has  been  given  above,  crystallizes  in  beautiful  colourleai  ] 
needles,   very  readily  soluble   in   water,  less    so    in  alcohol. 
A  solution  of  cupric  snlphate  throws  down  cupric  xanthate  as 
a  yeUow  unstable  precipitate,  hence  the  name.     It  is  employed 
as  an  antidote  for  Phylloxera  and  also  in  indigo  printing. 

With  ethyl  chloride,   CjHjC],  there  is  formed  tho  neutral  ether,   i 
C3{OC,U„)(SC,Hb).      The  free  Xonthlc  add,   or  elkoxn-di-t/iiocarbonie 
add,  CSlOCjHjjSH,  is  an  oil  insolubla  in  water  which  decompoBea  at' 
so  low  a  temperature  as  25°  into  i^rbon  bisulphide  and  aloohoL 

Thio-earbamio  acids.  Di-thiooarbamic  acid,  CS(NH2)SH, 
is  formed  as  ammonia  salt  by  the  combination  of  CSg  and  N^^ 
in  alcoholic  solution,  (see  p.  261) : 

CSg  +  2NHj  =   GS(NH2)SH,  NH^. 
The  free  acid  is  a  reddish  oil  which  easily  decomposes  inl 
thiocyanic  acid  and  sulphuretted  hydrogen  : 

CS(NH,)SH   =   CSNH  +  SH^ 

Carbon  bisulphide  combines  in  an  analogous  manner  with 
amines  to  form  the  aminio  salts  of  alkylated  di-thiocarbamiw, 
acids ;  tbus  ethylamine  yields  etbylamine  etbyl-dl-tbtocarbanuM, 
Ca(NH.CaE„)SH,  NHjCiPj.  When  such  aalte  are  heated  above  100°, 
H3S  is  evolved  and  a  di-altyl-tMo-urea  left  behind,  e. 3.  Diethyl- tWo-u»l^ 
CSINHCaHjl, ;  when  HgClj  or  AgNOj  is  added  to  their  solutions,  Um' 
Hg  or  Ag  salts  of  tlie  acids  are  precipitated,  and  these  decompose  at 
boiling  with  water  into  HgS  or  Ag^S  and  the  corresponding  muatari' 
oil,  (of.  p.  262) : 

2C8(NHCsH,).SAg  =  aCSNCjHs  f  Ag,3  + 


Secondary  amines  also  give  rise  to  alkylated  di-tl 
but  the  latter  do  not  yield  mustard  oils,  (p,  1 U). 

Dl-thlo-urethanB,  CS(NHa)(S.CjHj),  is  the  ethyl  ether  of  di-thio<i 
bamic  acid.  Aa  TMo-nrethana  is  designated  the  ether  CO(NH,)(S.C,HJ,  1 
and  as  Xanthamlde  or  elhyl-thio-carbamidt  its  isomer  CS(NH,)(00,H,)i  f 
Methyl  xanthamlde  is  thus  CSfNH.CHjJtO.CaHj),  and  s< 

Thiocaibamide,  thio-urea,  salpko-urea,  G^t^^^^  {Reynolds), 

is  the  analogue  of  urea,  and  its  modes  of  /wmation  are  exactly 

analogous  to  those  of  the   latter.     Thus  it  is  formed  from 

ammonium  thiocyanate  just  as  urea  is  from  the  {iBo)cyanate  j 

CSNH,  NH,  -  OSqS^^, 
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To  effect  this  molecular  transformation  a  temperature  of  1 30' 
required,  and  it  is  only  partial,  since  tliiocarbamide  goes 
back  to  a  considerable  extent  ioto  ammonium  thiocyanate  on 
being  fiised,  {see  p.  261).  It  results  further  by  the  direct 
combination  of  sulphuretted  hydrogen  with  cyanamide  : 
CN.NHj  +  SH,  =  CS(NH2)2. 
Thiocarbamide  crystallizes  in  rhombic  six-sided  priams,  or— 
if  not  quite  pure — in  long  silky  needles,  readily  soluble  in 
water  and  alcohol  M.  Pt.  171°.  It  is  easily  saponified  to 
COj,  HjS  and  2NH3.  HgO  abstracts  H,S  from  it,  with 
formation  of  cyanamide.  As  a  weak  base  it  forms  Baits  with 
acids,  but  at  the  same  time  it  yields  salts  with  HgO  and 
similar  bases ;  it  also  combines  with  salts,  such  as  AgCi, 
PtCl^  etc.  When  heated  with  alcoholic  potash  to  100°,  it  is 
reconverted  into  (the  potassium  salt  of)  thiocyauic  a«id  and 
ammonia.  Methyl  iodide,  CH^I,  reacts  with  it  to  produce 
imido-carbamine-thio-methyl,-  C(NH)(NH2){S.CH3),  already 
mentioned  at  p.  275,  {Bemtksen  and  Klinger). 

A  large  number  of  alkjilated  derivatives  are  obtained  from  thio-area 
And  bIbo  from  the  isomeric  hypotbeticaJ  itdido-cBirbaiuine-tbio-acid, 
C(NH)(NHs).SH.  The  JUkyl  Oilo-iireas  are  in  part  broken  up  by 
hydrochloric  or  phoaphorie  acid  into  aiiiine  and  iso-thiooyanate  (p.  203), 
and  are  in  part  desnlphurized  by  HgO  with  formation  of  alkyl  ureas  or 
otkyl  cyanamides.  When  deBu]phurization  takes  place  in  presence  of 
ammonia,  alkylated  guanidines  result. 

Aeid  derivatives  of  thio-urea,  e.g.  Acetyl-thlo-urea,  are  also  knoira. 

To  this  class  belongs,  among  other  compounds,  TMo-hyilantoliii,  -which 

only  to  some  extent  analogous  to  the  hyilanbiin  descriljed  on 

ice  it  is  a  derivative  uf  the  imido-carbamine-thio-acid  aud 

I  yields  thio-glyooUio  acid   when   decomposed,  these  reactions  agreeing 

I'  NH— CO 

Pldith  the  formula  C(NH)<^g a^.     It  can  be  prepared  synthetically 

d  ccjstalliieg  in  long  oeedleB. 


E.  Amidinea  of  Carbonic  Acid. 

Gnanidine,  CH,Ng,  =  C(NH)(NHi,)2,  {Slreder,  ISeiV    ThU 
wmpound  maj  also  be  toimed  imido-urea  Ot  m\do-ta.T\iaav\ift, 


r 
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FoijniUiim.  By  the  oxidation  of  guanine  (p.  284),  also  by 
heating  cyanamide  with  ammonium  iodide,  and  therefore  iTom 
cyanogen  iodide  and  ammonia  : 

CN-NHg  +  NHJ   =   CNgHfl,  HI. 

Preparation.     By  heating  thio-tirea  with   ammonium    thio 
cyanate  to  180-190°  and  therefore  from  the  thiocyanate  alone 
at  thiB  temperature,  (Vdhard)  : 
CS(NH5)2  +  NHg,CNSH   =   C(NH)(NHs)^  CNSH  +  H^S. 

Guanidine  ia  a  very  strong  crystalline  base,  readily  soluble 
in  water  and  alcohol,  which  deliquesces  in  the  air  and  absorbs 
carbonic  acid,  and  combines  with  one  equivalent  of  acid  to 
form  salts.  Guanidine  carbonate,  (CNjIIj,)^,  HgCOg,  crystal- 
lizes beautifully  in  quadratic  prisms.  Guanidine  is  readily, 
eaponifiable,  at  first  to  urea  and  ammonia,  and  finally  to 
ammonia  and  carbon  dioxide, 

Numerous  alkylated  gnanidiqes  have  been  prepared 
ammonia,  etc.,  upon  alkyl  thin-ureas,  and  by  the  combination  of  ayan>-' 
mide  with  amines,  etc.     They  break  up  on  being  heated  with  Hj,E 
CS],  with  reproduction  of  thio-ureas  and  Buiines,  or  of  thto-  or 
thiocyanate,  (sea  AmidineB,  p,  185), 

By  the  direct  combination  of  cyanamide  with  glycoeoU  there  It 
formed  GlycocyamlBO,  C(NH)2jjj^_(,u_(^q  .^,  which 

with  formation  o£  Glyoooyamldine,   C(NH)  ■      .     If,  instead   erf 

glycocoll,   its  methyl  derivative  Haruoaine  ia  used,  one  obtains  in  sa 


iiilugoua  manner  creatine  and  creatinine,  (  Vothard) : 

Creatine.  Creatinine. 

Creatine,  C^HgNgO^,  (Chem-evl),  ia  present  in  the  juice  ot 
muscle  and  ia  prepared  from  extract  of  meat,  (lAebig).  H 
crystallizes  in  neutral  glancing  prisms  ( +  HjO)  of  a  bitter  tast^ 
moderately  soluble  in  hot  water  but  only  slightly  in  alcohd. 
When  heated  with  acids  it  loses  water  and  goes  into 

Creatinine,  C^HjNgO,  which  ia  an  invariable  conatituent  ol 
urine  and  which  forms  a  cbaracteriatie  double  salt  with  zIdo 
chloride,  SC^H^NgO  +  ZnCAy    It  \b  b.  attd^'toMs  miS*. 
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more  readily  eoluble  in  water  and  alcohol  than  creatine,  into 
which  it  can  be  reconverted  by  taking  up  water.  When  mildly 
saponified,  creatinioe  yields  ammonia  and  methyl-hydantotn, 
while  creatine  givee  area  and  e 


P.  Uric  Acid  Group. 

Juat  as  the  dihasic  acids  oxalic,  inalonio,  tartronic  and 
mesoxalic  yield  amides  with  ammonia,  so  can  they  react 
with  the  ammonia  derivative,  urea,  to  form  compounds  of  an 
&iiiidic  nature.  In  such  reactions  either  two  molecules  of  water 
separate,  bo  that  no  more  carboxyl  remains  in  the  compound, 
or  only  one  molecule  is  eliminated  and  a  carhoxyl  group 
remains.  In  the  former  caae  the  ao-called  "nreides"  result, 
and  in  the  latter  the  so-called  "  ureide-acids,"  e.g.,  from  oxalic 
acid,  parabanic  and  oxaluric  acids  : 

CO.OH  ,NH.CO  jjjj 

io.OH  ^%H.CO  ^'^<NaCO.CO,H 

Oxalic  acid.      Ureide  (parabouic  acid).     Ureide-atnd  (oxaJaric  acid). 

In  an  analogous  manner  the  ureide  barbituric  acid, 
C(H4NjOj,  is  derived  from  malonic  acid,  the  ureide  dialnric 
acid,  C4HJNJO4,  from  tartronic  acid,  and  the  ureide  alloxan, 
C4H2NBO4,  and  ureide-acid  alloxanic  acid,  C^H^NgO^,  from  mea- 
oxalic  acid. 

These  are  sohd  and,  for  the  most  part,  beautifully  crystalliz- 
ing compounds  of  a  normal  amidic  character,  and  therefore 
easily  broken  up  backwards  by  saponification  into  urea  (or 
COj  and  NH3)  and  the  respective  acid.  The  ureide-acids  may 
regarded  as  half-saponified  nreides,  resulting  in  fact  from 
the  latter  in  this  manner. 

Analogous  compounds  are  also  derived  from  the  aldehydic. 
or  alcoholic- acids,  glyoxalic  acid,  CH(OH)j — CO^H,  and  gly- 
collic  acid,  CH2(0H)— C'OjH  ;  from  the  former  allanturic  acid, 
CgHjNjOg,  and  from  the  latter  the  ureide  hydantoin  and  the 
nreide-acid  hydantoic  acid,  (see  p,  373).     They  sl\o%f  ,l\(iwftN«, 

BOiaewbat  different  bebaWour  on  saponiEtatioii.    \ii  ^AtolOvsa. 
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to  these  so-called  "  mono-ureidea  "  there  exist  also  "  di-ureidea,' 
i.e.,  compounds  iiitowhofle  composition  twomoleculea  of  ureahavft^ 
entered.  These  are  uric  acid,  C^^H^NjOj,  and  its  near  relationfti 
xanthine,  C^H^N^Oj,  theobromine,  C^li^{CB.g)^l^ fi^,  caffein^j 
C5H(CHg),,Nj02,  hypoxanthine,  CsH4KjO,  and 
CjHjNjO;  further,  purpuric  acid,  CgHjSgOg,  alloxantin*, 
CgH4N,0T,  allantoin,  C^H^N^Oj,  and  other  compounds. 

Several  of  these  di-ureides  occur  in  nature.  Uric  acid  iB' 
contained  in  the  urine,  hlood  and  muscle  juice  of  the  carnivora, 
in  gravel  and  chalk  stones,  in  guano,  and  in  the  excrementa  of 
serpents ;  xanthine  in  small  quantity  in  the  urine,  blood  and 
liver,  and  sometimes  in  gravel,  almost  always  together  with 
hypoxanthine ;  guanine  in  guano ;  and  camine  in  extract  r^ 
meat.  Theobromine  is  present  in  the  cocoa  bean  (Theobroma 
Cacao),  and  caffeine  in  the  coffee  bean,  in  tea,  in  Paraguay  tea 
(Ilex  paraguayensis),  and  in  the  gtiarana  (the  fruit  of  Faullinia 
sorbilis),  etc. 

Many  of  these  compounds  are  nearly  related  to  one  another ;  thuE 
xanthine  and  hypoxanthine  are  formEid  by  the  action  of  sodium  amolgain; 
upon  uric  ftciil,  (taking  away  of  0),  xanthine  bj  the  actinn  of  nitroa*. 
acid  upon  guanine,  (excbaDge  of  N  and  H  for  O),  theobromine  and 
caffeine  by  the  metbylation  of  xanthine,  and  hypoxanthine  by  tho- 
action  of  nitric  acid  upon  camins. 

Formation.  The  ureides  mentioned  above  or  other  diureidea 
result,  frequently  together  with  urea,  by  the  oxidizing  de- 
composition (or  oxidation)  of  the  diureides  which  have  be^ 
enumerated. 

ThuB  nrie  acid  yields  allantoin  with  water  and  PbOj  and.  eithri 
purpuric  acid,  alloxan,  alloxantin  or  parabanic  acid  with  nitrio  a/at 
according  to  the  conditions,  while  calfeine  yields  dimethyl -alloxi 
and  mcthjl-urea  with  chlgrine.  These  decomposition  products  ati 
Btaud  in  an  intimate  relation  to  one  another,  e.g.,  alloxan  gives  alloxai 
tin,  dialuric  acid  and  barbituric  acid  on  reduction ;  hydantoln  resaltii 
f.g.  from  the  oxidation  of  aUoxanic  acid  and  is  itself  oxidized  ta 
alluntaric  acid ;  while  dialnric  acid  and  alloxan  combine  to  alloxantut 
with  eliminatioa  of  water,  etc. ,  etc 

Some  of  these  areides  have  also  been  prepared  synthetically  f 

nrea  and  the   requisite  acid,  phosphorus  oxy-chloride  having  proved 

itself  to  be  particularly  UBelu\  as  a  dehjdiatiug  agent  in  such  caaea; 

ill  this  way  parabanic  acid,  baa  \iceiL  oYMImed.  Imia  iix:£u:,  «ii&>»^\n.'uts^ 
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acid  frum  malonic,  Uiio  ftcid.  may  be  syntlietizetl  liy  heating  glycocoU 
with  nrea,  {Horhaezetnski,  R  la,  2Q78),  and  aiao  by  heating  triohloro- 
lactic  or  monociilar-ocetic  acid  with  urea,  (B.  30,  R,  472,  R,  723),  Mid 
therefore  alao  xautfainc,  theobromina  and  caffeine  indirectly. 

Hhe,  amslUviwn  of  the  simpler  iireides  and  ureide-acids  foilowB 
directly  from  their  decomposition  products,  synthesea  and 
relations  to  one  another,  while  considerations  of  a  more  com- 
plex nature  have  led  to  the  constitution  of  uric  acid,  (M&Heus), 
and  of  xanthine  and  its  more  nearly  allied  compounds,  {E. 
Fmher,  A.  815,  253) ; 


/  ..  >C0;  /  ni      .  >C0 

NH— CO  NH— CH   '^* 

Uric  acid.  Xanthine, 

anine  is  imido- xanthine  (0  being  replaced  hy  NH) ;  thecbronmie 
uid  caffeine  are  di-  and  trimethyl-xantbines  (the  H  atoms  1  and  3,  or 
,  2  and  3  being  replaced  by  CH^).  From  this  it  {ollowa  that  nric  acid 
I  the  di-ureide  of  the  nnknown  oomponnd,  C(0HJ5  =  C(0H)— CO^, 
ir  of  the  hydrate  of  tartronio  acid,  C(0H)3— CH(OH)— COOH. 

Most  of  the  ureides  and  di-ureides  have  the  character  of 
more  or  less  strong  acids. 

Since  this  acid  character  ia  not  to  he  explained,  as  in  the  case  of  the 
IU-eide-acidB,by  the  presenCB  of  cacboxyl.onemnst  assume  that  it  depeuda 
upon  reasons  similar  to  those  which  apply  \a  the  case  of  cyanic  acid  and 
of  suociiiimide,  viz.,  that  the  replaceable  hydrcgen  atomB  are  imido- 
hydrogen  atoms  whose  chemical  nature  is  determined  by  the  snrround- 
g  carbonyl  groupa.  This  explains,  fur  inHtaoce,  why  parabanio  acid 
u  a.  atTong  dibaaic  acid. 

Only  a  few  of  the  more  important  among  these  compounds 
an  be  discussed  here.     (Cf  LkUg  and  Wolder,  A.  26,  241; 
Baeyer,  A.  187,  1,  199;  130,  129,  etc.) 
yNH.CO 
Parabanic  acid,  C0<'  i     ,  is  prepared  by  the  action  of 

sitric  upon  uric  acid,  and  crystallizes  in  needles  or  prisms  soluble 
a  water  and  alcohol.  The  salts,  e.g.,  CjHKNjOj,  CjAgjNjOj, 
re  unstable,  being  converted  by  water  into  salts  of  the  mono- 
basic Ojialurioaaid,  '^'^<aih  nn  pn  H'  wMdi cr^a'iaKi'zjfe-N^ 
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A  Methyl-paTaliaiilc  acid,  C&Oj  /,„■  ^"'i  »  Dl-mBtliyl-p«fc 


.,0.,,-CO  . 


Ijanlc  add,  the  so-callad  "  OholeBtroplmne,"  CO<t^  i    ,  are  ali6< 

known.     The  former  is  prepared  e.g.  by  the  action  oT  nitrio  upoa 
methyl-nric  scid  aud  crjBtalliz^  in  prisma,  while  the  latter  ia  obtained 
from  theine  with  nitrio  acid,  chlorine  water,  etc.,  and  also  by 
methylation  of  parabaniQ  acid,   i.e.  from  the  Ag  salt  and  CH3I. 
cryatallizeB  in  platea  and  diatila  without  decompoHition. 

BarlDiturie  acid,  malimyl  wea,  CjH,!^^^©^,  is  a  dibasic  acid, 
crystallizing  in  large  colourless  prisms  ( +  SH^O).  It  is  thB 
H-atoms  of  the  methylene  group,  CHj,  and  not  of  the  imido-' 
group  which  are  replaceable,  since  dimethyl-malonyl-urea, 
which  can  be  prepared  from  the  silver  salt  and  methyl  iodidOi 
does  not  yield  malonic  acid  when  boiled  with  alkalies,  but 
dimethyl-malonic  acid,  {G'S.^\=G{CO^U)^. 

Dialaric  acid,  tarlronyl  wea,  C^H^N^O^.  Strong  dibaaio 
acid.  Cryatallizea  in  colourless  needles  or  prisms  which 
redden  in  the  air  and  go  into  alloxantin  upon  oxidation. 

Alloxan,  mesoxalyl  urea,  CO<nh^CO>*^°-  P'^OP*'^ 
from  uric  acid  and  cold  HNOg.  Large  colourless  glancing 
rhombic  prisma  (  +  iH^O),  strongly  acid  and  readily  soluble  in 
water.  Colours  the  skin  purple-red.  Ferrous  sulphate  pro- 
duces an  indigo  blue  colour  with  its  solution.  It  combine! 
with  NaHSOg  and  readily  changes  into  allosantin,  Tha. 
corresponding  "ureide-acid,"  Alloxanio  acid,  C^H^N^Oj,  whicb 
alloxan  yields  even  with  cold  alkali,  forma  a  radiating  crystalline 
mass  readily  soluble  in  water.  Ifethyl-  and  Bimetbyl-allozaa' 
are  also  known,  being  obtained  by  the  action  of  nitric  acW 
upon  methyl-uric  acid  aud  caffeine  respectively. 

The    di-ureide   Alloxantin,    CgH^N^O,,  stands    mid-way 
composition   between  tartronyl-  and   mesoxalyl-urea,    by  th# 
combination  of  which  it  is  formed. 

One  obtains  it  by  acting  on  alloxan  with  H,8  or  directly  from  i: 
acid  and  HNO,.  It  cryatalUies  in  smaU  hard  priamH  {  +  3H.0),  whiiA^ 
become  red  in  air  containing  ammonia,  their  aolution  acquiring  a  deeik 
blue   colour  on    the   addition  ol   Y^\  b.tl4  'im.v     Ttae  ^»!or»rtnesli'jl 


derivative,  Amallc  add,  C,(CH,),N40„  resulta  from  theine  and  chlorine 
water,  sncl  fomia  colaurleEB  crystals  wbicli  redJeo  tlic  skin  and  whote 
j^alntioD  is  turned  violet-blue  tiy  olksili.  Bath  thEBe  couiponnds  yield, 
upon  oxidation,  first  alloxan  or  ita  di-metltyl  derivative,  and  tben 
pirabonic  or  dimethyl-parabanic  acid.  Thua  alloxautin  haa  perhaps 
the  conBtitutioti  : 

"»<NgzEg>WH]-0-<=H<SZ™>C 

When  heated  with  ammonia  it  is  converted  into  Mureside, 
the  acid  ammonium  salt  of  Purpuric  acid,  Cj,HjN(,0,;(  +  H^O), 

perhaps  CO<||z^g>C(OH)_NH-OH<gg:i™>CO, 
which  is  formed  when  uric  acid  is  evaporated  with  diluta 
nitric  acid,  and  ammonia  added  to  the  residue;  this  is  the 
"  muiexide  teat  "  for  uric  acid. 

Mureiide  crystallizes  ia  four-aided  tableB  or  prifluia  {  +  H5O)  of  a 
golden -green  colour,  which  dissolve  to  a  pitrple-red  solution  in  water 

d  to  a  btae  one  in  potash.     The  free  acid  is  incapable  of  oxistenoe. 

Allaatoin  is  a  di-ureide  of  glyoxylic  add,  of  the  constitution 


NH-CH— NH 


CO-C  1  '>C0,  which  is  found  in  the  allantoic 

^NH— CO     NH^^ 
liquid  of  the  cow,  the  urine  of  sucking  calves,  etc,     It  forms 
glancing  prisms  of  neutral  reaction,  yields  salts  with  alkahes, 
xind  can  be  prepared  synthetically  from  its  components. 

Uric  acid,  C^H^N^Os,  {Scheele,  1776).  For  occurrence  and 
nthesis,  see  above.  Is  prepared  from  guano  and  the  excre- 
inent  of  serpents  and  crystallizes  in  small  tables.  Almost 
insoluble  in  water  and  insoluble  in  alcohol  and  ether,  but  con- 
centrated sulphuric  acid  dissolves  it  without  decomposition, 
mnd  from  this  solution  it  is  thrown  down  unchanged  by  water. 
For  the  mureside  reaction,  ace  above.  Uric  acid  ia  a  weak 
dibasic  acid  ;  its  common  salts  are  the  primary  (i.e.,  hydrogen) 
ones,  e.g.  CjHgKN^O^,  a  powder  sparingly  soluble  in  water. 

When  the  two  load  salts  are  treated  with  methyl  iodide,  Hetli^-  and 
Mmetllj-l-nllc  add  are  obtained,  both  of  which  also  ace  weak  dibftaio 
ids,  annce  they  atill  contain  replaceable  imido- hydrogen  atoms. 
Uric  add  yields  aYioxan  and  urea  when  ca,u.t\ous\'3  oxiivuai, 
dimethyl-uric  acid  methyl-alloxan  and  inet\i'3\-iitfca,,  b.  i.'ft- 
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composition  which  is  readily  understood  from  the  above  consti- 
tutional formula,  thus : 

^NH-CO  ^NH-CO 

Xanthine,  C5H4N4OS,  is  prodaced  from  gnanine  and  nitrons  acid,  and 
from  uric  acid  and  sodium  amalgam.  It  is  a  white  amorphous  mass, 
and  is  at  the  same  time  base  and  acid ;  thus  it  yields  e.g,  the  lead 
compound  CgH2PbN402,  which  is  converted  into  theobromine  by  methyl 
iodide. 

Hypozanthlne,  sarcme,  C5H4N4O.  Sparingly  soluble  in  water  and 
very  like  xanthine. 

Theobromine,  C^HgN^Og.  Crystalline  powder  of  bitter 
taste,  sparingly  soluble  in  water  and  alcohol.  Forms  salts 
both  as  base  and  as  acid.  The  silver  salt,  C^H^AgN^Og, 
yields  caffeine  when  treated  with  CH3I,  {Strecker,  Fischer), 

Caffeine  or  Theine,  CgHioN^Og.  Crystallizes  (  +  H2O)  in 
beautiful  long  glancing  silky  needles  of  faintly  bitter  taste, 
which  are  sparingly  soluble  in  cold  water  and  alcohol,  and  can 
be  sublimed.  The  salts  are  readily  decomposed  by  water. 
Chlorine  breaks  it  up  into  dimethyl-alloxan  and  mono- 
methyl-urea,  a  reaction  easily  understood  from  the  constitu- 
tional formula  given  on  p.  281. 

Guanine,  C5H5N5O.  White  amorphous  powder  insoluble  in  water  but 
soluble  in  ammonia.  It  is  a  divalent  base,  but  also  forms  salts  with 
bases.  Yields  guanidine,  parabanic  acid  and  carbon  dioxide  with 
KCIO3  +  HCl.  Is  an  imide  of  xanthine,  containing  NH  instead  of 
O,  and  hence  nitrous  acid  converts  it  into  the  latter  compound. 

Adenine,  CgHgNs,  which  is  a  polymer  of  hydrocyanic  acid,  is  a  base 
which  results  from  the  decomposition  of  nuclein  (see  this) ;  it  has 
been  obtained  from  the  pancreatic  glands  of  oxen  and  from  tea  leaves. 
It  crystallizes  in  long  needles  and  is  converted  by  nitrous  acid  into 
hypoxanthine,  whose  imide  it  therefore  is. 

Gamine.    A  powder  rather  easily  soluble  in  hot  water. 
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Ab  carbohydrates  aro  designated  three  groups  of  compounds 
nearly  allied  to  one  another  and  which  are  very  widely  diatri- 
]buted  in  nature,  viz,,  those  of  grape  sugar,  CeHj^O,,,  of  cane 
•  BUgar,  CijH^aOii,  and  of  cellulose,  (C,H,„0,)„.  All  of  thera 
I  contain  H  atoms  of  carbon  or  some  multiple  of  6,  and  hydrogen 
and  oxygen  in  the  same  proportion  in  which  these  elements 
are  present  in  water.  They  are  nearly  related  to  the  hexa- 
tomic  alcohols,  Cf,Hj^O^,  from  which  they  are  respectively 
derived  by  the  abstraction  of  H^  or  of  Hg  +  H^O. 

Moat  of  the  carboliydriLtes  have  heen  known  fur  a  long  time.     Cane 
I    sugar  was  faimd  in  the  augar  beet  by  Margraf  iu  1747,  nail  dsKtriae  in 
"lonoy  by  Glaidier, 

The  tranaformBitioii  of  Btarch  into  angar  (p.  S93)  Woe  firat  observed 
"  by  ffireft<if  in  1811. 

A  characteriBtic  and  extremely  delicate  reaction  of  the  carbuliydratea 
Dnaiets  in  their  giving  a  beautiful  deep  violet  colouration  with 
•naphthol  and  concentrated  aulpliuric  acid,  {Molisch,  B.  IB,  R.  746J. 


A.  The  Grape  Sugar  Group,  CgHj^Og. 
{Glucoses,  Gly coses.) 

The  glucoses  are  sweet  and  for  the  moat  part  crystalline 
compounds  easily  soluble  in  water,  sparingly  soluble  iu  abso- 
lute alcohol  and  insoluble  in  ether.  They  possess  the  character 
of  polyvalent— (pentavalent) — alcohols  and  closely  resemble 
mannifce,  etc,  but  differ  from  it  in  being  fermentable,  in 
having  strongly  reducing  properties,  and  in  their  behaviour 
towards  phenyl-hydrazine  (see  below).  Most  of  them  are 
optically  active. 

The  glucoses  result,  apart  from  their  formation  in  plants, 
from  the  carbohydrates  of  the  cane  sugar  and  starch  groups  by 
the  taking  up  of  water,  and  also  from  the  decomposition  of  the 
gluoosides  by  dilute  acids.  Those  which  occur  in  nature  can- 
not yet  be  said  to  have  been  prepared  synthetically  with 
oertaintj,  bat  glucoses  wbieh  very  closely  TeaemXAfe  'i)Q.wa\«.'i&, 


I 


286  XIV.    OARBOBTBRATIS. 

Butlerow  (A.  130,  295)  obtained  the  ao-oalled  "  methyleoifcan  " 
by  the  action  of  lime  water  upon  paraformio  aldehyde  (trt-oxy- 
methylene,  p.  135),  and  0.  Lnm  (J.  pr.  Ch.  [2]  33,  321)  prepared 
"formose"  from  formie  aldehyde  itself  in  a  similar  manner. 
Both  of  these,  especially  the  former,  are  sweet  amorphous 
mixtures  of  various  compounds,  possessing  reducing  powers 
and  containing  at  least  one  real  glucose.  Fischer  and  Tafel  (B. 
20,  2666)  then  succeeded  in  synthetizing  sugar  varieties  which 
they  termed  a-  and  ^-acrose  (see  below),  by  the  action  of  baryta 
water  upon  acrolein  bromide  or  glycerine  aldehyde,  but  it  is 
as  yet  impossible  to  state  absolutely  whether  or  not  these  are 
identical  with  natural  glucoses.  Ltevulose  and  mannose  result 
&om  the  cautious  oxidation  of  mannite. 

Their  constitution  has  not  yet  been  determined  with  certainty^ 
On  account  of  the  close  connection  of  dextrose,  Ifevulose  aii4 
galactose  with  the  hexatomic  alcohols,  one  must  regard  thenm 
as  the  first  oxidation  products  of  the  latter,  and  therefore, 
assume  that  their  carbon  chain  ia  normal  and  that  each  of  their 
hydroxyls  is  linked  to  a  different  carbon  atom.  They  may 
thus  be  either  aldehyde-alcohols  {Baeyer,  Fittig),  or  ketonO" 
alcohols  (V,  Meyer),  in  either  of  which  cases  their  reducing 
properties  are  easy  to  understand,  (see  acetol,  p.  221).  Dex- 
trose, lievtdose  and  galactose  unite  with  HON  to  cyanhydrins, 
which  are  converted  into  carboxylic  acids  of  the  formulli 
C|iHi30g(C02H)  upon  saponification.  The  constitution  of  the 
latter  speaks  in  favour  of  the  following  formulae,  {Kmam, 
B.  18,  3066;  19,  767): 

Dextrose  =   CH2(0H)— [CH(OH)]^— CHO; 
LMvulose  =   CH3(0H)— [CH(0H)]3— CO— CH5(0H). 

Beka/eiour.  1,  Fermentation.  Most  of  the  glucoses  art 
directly  fermentable.  With  the  exception  of  sorbin,  they 
ferment  with  yeast  (galactose  only  with  difficulty),  undergo 
the  lactic  or  butyric  fermentation  with  bacteria,  and  are  tran*^ 
formed  under  certain  conditions  into  mucous  dextrine-lik» 
substances  by  the  "  mucous  "  fermentation. 
2.  Grape  sugar  ia  a  pentatomc  ^coVoV,  "jvaldin^ 


g.  a  di-j 
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and  a  fcri-acetyl  compound,  a  tetra-acety]  chlorhydrin, 
CsHjOCl(O.C2Hi,0)j,  and  a  tetra-acetyl  nitrin,  C6H,0(0.N0a) 
(0.031130)4.     The  other  glucoses  show  a  similar  behaviour. 

3.  The  glucoses  form  aicoholates  (saccharatcs)  with  bases, 
eapecially  with  lime,  compounds  which  are  decomposed  by  CO^, 
and  which  become  brown  in  the  air  from  oxidaUon.  By  the 
further  a«tioa  of  lime,  eaccbaric  acide  are  produced.  Alkalies 
decompose  glucoses  with  production  of  a  brown  colour  and 
formation,  e.g.  of  lactic  acid. 

4.  Lfevulose  is  converted  into  mannite  by  sodium  amalgam, 
and  dextrose  also,  though  less  completely: 

lactose  is  similarly  transformed  into  dulcite, 

5.  The  glucoses  are  readily  osidizable,  and  therefore  they 
reduce  an  ammoniacal  silver  solution  and  also  Fthling'n 
solution  if  warmed  with  it.  The  oxidation  of  grape  sugar 
yields,  according  to  the  conditions,  gluconic,  saccharic,  tartaric 
or  oxalic  acid;  that  of  fruit  sugar,  glycoUic,  erythritic  or 
racemic  acid,  etc.;  and  that  of  lactose,  galactonic  or  mucic  acid. 

6.  When  boiled  with  dilute  aulphiirio  lund,  the  glucoses — eapecioUy 
tevtilose — axe,  like  the  other  carbohydrates,  converted  into  lienilinic  acid. 
{Cf.  A.  243.) 

7.  With  phenyl-hydraaine,  C(Hj  —  NH  —  NH^  there  are  first 
produced,  with  elimination  of  water,  com  pound  a  of  the  formula 
0,Hi,Oj[NiHC,Hi),  eompounda  which  are  "  hydrazonea,"  and  the  for- 
mation of  which  demonatratea  the  atdehydic  or  ketonic  character  of  tha 
^uooaea.  When  the  action  ia  allowed  to  go  further,  a,  aocond  molecule 
of  phenyl-hydrazine  enters  the  compound,  or  rather  j  ia  replaced 
by  =N,HCcHi,  and  "oaazones,"  C(H,«0.(N,HC,Hs)j,  resnlt,  e,g.  phenyl- 
dextrotazone,  phenyl- acroaazone,  and  phenjl-Iactosazone.  These  are 
jbUdw  cryBtalline  eompounda  which  ace  of  great  value  for  the  recogni- 
tion of  the  oarbohydratea.  By  the  action  of  naaoent  hydrogen  upon 
them,  the  phenyl- hydrazine  radicles  are  eliminated  down  to  one  amidu- 
gronp,  the  glucoaamines  result,  e.g.  iao-glucoaamine,  CbHuOsNHs,  from 
phenyl-gluooaazone ;  the  latter  may  then  in  thoir  turn  be  converted  into 
Blncoees  by  nitrous  acid  {PlMher  and  Tafil,  B.  £0,  2Bae),  The  con- 
Mption  of  the  oHazoneB  has  also  been  extended  to  the  analogously  con- 
ititated  derivativea  of  other  aldehyde-  and  ketone -alcohola,  e.g.  glyceric 
aldehyde. 
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8.  Wlien  heated,  the  glucoses  at  first  change  iuto  componndB  of  N 
nature  of  anbydriilea  and  tbcn   into  others  of  the  nature  of  ci 
(p.  2Sl),  aud  finally  they  become  cbarrod. 

9.  They   do  not  show   the  aldebydic  reaction  witb  fachBine  aodCI 
enlpbur  dioxide. 


Grape  sugar  or  Dextrose,  CgH,gOg  +  HgO,  occurs  along 
with  Iwvulose  in  most  sweet  fruite,  also  in  diabetic  urine,  "*"  - 
etc. 

It  ia  prepared  from  other  carbohydrates,  as  given  at  pp. 
and  392.  The  sugar  which  is  obtained  from  starch 
termed  starch  sugar  contains,  in  addition  to  dextroB^ 
dextrine  and  unfermentable  eubstancea.  It  crystallizes  froni 
water  in  granulous  masses  made  up  of  six-sided  plates,  ami 
from  methyl  alcoliol  in  small  anhydrous  prismB.  M.  Pt.  146' 
It  is  dextro-rotatory,  hence  the  name  "  dextrose." 


.  almort  J 
liling,  ft.  J 
ation  <t\ 


A  freshly  prepared  soiutioa  turns  tbe  plane  of  polarization 
twice  aa  much  as  one  which  has  been  kept  or  heated  to  boiling, 
phenomeuou  whicli  ia  known  as  "bi-rotation."     For  tbe  eatioiHti 
grape  sugar  by  menna  of  Fekling'a  boIuUod,  see  e.g.  J.  pr.  Ch.  [2]  V, 
264. 

Fruit  BUgar  or  Lsevulose,  CgHj^Og,  is  almost  invariab^ 
found  along  with  dextrose  in  the  juice  of  sweet  fmits  and  alaa 
together  with  the  latter,  in  honey.  It  is  formed  along  witi 
dextrose  by  the  inversion  of  cane  sugar,  and  together  wiUi 
mannose  by  the  cautious  oxidation  of  mannite  by  nitric  a 
and  is  easily  prepared  by  heating  inulin  with  water  and  i 
little  acid.  It  crystallizes  with  difficulty  in  needles  of  M,  Pb 
95°,  being  usually  obtained  as  an  amorphous  gum,  and  turni 
the  plane  of  polarization  more  strongly  to  the  left  than  dextroM 
does  to  the  right 

Phenyl-glncoMiamB,  CoHioO,(NsH€aH,)a,  M.  PL  204°,  forms  difficultJa 
Boluble  Doedles,  (It.  17,  579).  It  results  from  the  i^ction  of  phenyE 
hydrazine  upou  cither  dextrose  or  Iccvuloee.  Whcu  reduced  it  goes  i 
iao-gluoosamine,  which  is  converted  hy  nitrous  acid  into  Isavnloae. 
this  reaction  it  is  thus  possible  to  convert  dextrose  iuto  licviiloBe. 

O&l&otose   or  Lactose,   G^H.^ijO^,  w  ^iToduced  along  w 
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dextrose  from  milk  sugar  and  dilute  acid.     Fiuo  needles,  M. 
Pt.  143°,     Dextro-rotatory. 

a-  and  |9.AcrOM,  CgHuOa  {Fisclmr  and  Tafel,  R  ao,  2S(i0).  For 
ByntbeEu,  see  p.  286.  a-Acroae  reaembteB  dextrose  bo  closely  tbut  it  is 
posaibly  only  a,  physical  {optically  inactive)  moditicaCion.  of  tbe  tatter. 

HanuoBe,  CeHigO,.     See  above,  also  B.  ai,  1805. 

Eorbln,  CgHjgOg.  Present  in  the  juice  of  the  sorb  apple.  Large 
orystala. 

InoBlto,  phaseo-mannite,  liambose,  CjFijO,  +  2H2O,  ia  probably  also  a 
glucose.  It  is  found  in  the  animal  organism  in  tlie  muscles  of  the  heart, 
and  also  in  masy  plants,  e.g.  unripe  beans,  peas  and  lontila.  It  forma 
large  cryatals  which  weather  on  eipoaure,  and  does  not  reduce  FeMing'a 
solution. 

GlncosamlnSi  CgH,jOj(!XIIj),  ia  a  denvative  of  glucose  reaulting  from 
Uie  action  of  dilute  acids  upon  chitiD  (p.  518),  (B.  17,  241),  An  isomer, 
haa  already  been  mentioned  (p.  387). 


B.  The  Oane  Sugax  Group,  Ci^H^Pji. 

To  the  cane  sugar  group  belong  all  the  compounds  of  sweet 
taste,  0^2^32^11'  which  are  converted  into  true  glucoses, 
GgHjjOg,  by  the  action  of  dilute  acids,  and  which  are  conse- 
quently to  be  regarded  as  the  anhydrides  of  the  latter;  also 
raffinoee,  CjgHgjOjg,  which  shows  a  similar  chemical  behavioar. 
The  compounds  of  the  cane  sugar  group  possess  a  sweet  taste,  1 
crystallize  more  readily  and  are  more  stable  than  the  glucoses, 
but  resemble  the  latter  in  solubility.  They  are  optically 
active.  With  the  exception  of  maltose  they  are  not  directly 
fermentable,  but  only  after  being  broken  up  (see  below),  and, 
'with  the  exception  of  milk  and  malt  sugar,  they  either  do  not 
xeduce  Fehiin^s  solution  or  do  so  only  with  difficulty.  They  are 
split  up  into  glucoses,  with  assimilation  of  water,  when  boiled 
'>rith  dilute  mineral  acids  or  when  subjected  to  the  action  of 
■ferments  such  as  diastase  and  soluble  yeast  ferment,  {see  p. 
393): 

CigHajOjj  +  Hp    =    SCeHi.Oe. 

Cane  sugar  is  broken  up  in  this  way  into  eq^iial  quantitvea 
,  -^rf  dextrose  and  Ixruloae.     Ibis  assimilation  of  "«tt,tfci;  \&\jftTawA. 
I  fwj T 
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from  the  action  of  diaatase  upon  starch  during  the  germination 
of  cereals  (preparation  of  malt),  and  alao  as  an  intermediate 
product  on  hoilzng  starch  with  dilute  sulphuric  acid.  It  forms 
a  hard  white  crystalline  mass,  very  similar  to  grape  sugar,  and 
strongly  dextro-rotatory.  Its  power  of  reducing  Feklin^s 
solution  is  only  ahout  two-thirds  of  that  of  dextrose. 

Related  to  tbe  Bugar  varietiee  of  this  ckea  is  RalBnoM  or  mflifoafy 
C,jH^Ou  +  3H^0,  whioli  U  found  in  the  sngar  beet  and  therefore  itf 
molasseB,  ia  the  manna  of  the  eucalyptns,  aiid  in  cotton  seed  cSike,  etftl 
It  is  very  like  cane  sugar  bat  tasteless,  polarizes  very  strongly,  do* 
not  raduue  FefUing's  solution,  and  goes  into  galaotase  and  lievnloBB  a 


0.  The  Cellulose  group,  CflHioOj. 

The  molecular  formula  of  the  members  of  this  series  mturi^ 
always  be  a  multiple  of  the  simple  analysis-formula  CgHjoO^ 
They  are  for  the  most  part  amorphous  and  tasteless,  insolubli 
in  alcohol  and  ether,  partly  soluble  in  cold  water  and  partll 
insoluble ;  thus  cellulose  is  insoluble  and  also  mucilage,  thi 
latter  merely  swelling  up  with  water,  while  starch  forms  a  jellj 
with  hot  water.  When  boiled  with  dilute  acids  or  subjecte* 
to  the  action  of  ferments,  they  break  up  into  glucoses  oi 
maltose,  water  being  taken  up,  thus  : 

Like  the  foregoing  c  mp  und    th    ofore,  they  are  to  b< 
regarded  for  the  most  p  rt  a.    th     anhydrides  of  glucost 
Consequently  they  still  p  an  al  oholic  character  ai 

yield  acetic  and  nitric  eth  t       M    t  of  them  are  opticolljs 

active.     Dilute  nitric  a^j  d  f  rm    the      me  oxidation  product* 
with  them  as  result  from  th  p  nding  glucoses,  and  iodine 

frequently  gives  characteristic  colourations. 

Cellulose,  (CdHjdOjJu  is  widely  distributed  in  nature  as 

membrane  of  plant  cells;  cotton,  elder  pith,  wood,  etc.,  con 

of  cellulose  in  a  more  or  less  pure  state.     It  can  be  prepared 

by  extracting  wadding  or  Swedish  filter  paper  with  causl" 

potash,  i/drochloric  acid,  wateiT,  a\w)\vo\asv4«'i" 


It  forma  a  white  amorphous  powder,  insoluble  iu  the  ordinary 
reagents  but  solubie  in  an  ammoniacal  Bohition  of  cupric  oxide, 
from  which  it  is  again  thrown  down  by  acids. 

When  boiled  with  dilute  sulphuric  acid,  it  yiclda  dextrine  and 
dextrose,  whOe  the  ooncentratad  acid  convertH  it  first  into  Amyloid, 
tm  amorphona  moss  which  is  turned  blue  by  iodine,  and  finally  into 
dextrine.  Parchment  paper  ia  sitnply  uuglazed  paper  which  has  been 
tranatonned  Buperfioially  into  amyloid  by  anlphuric  acid.  A  mixture  of 
nitric  and  enlphurie  acids  givea  rise  to  oitric  ethers,  viz.  (oocording  to 
the  intenaity  of  the  reaction)  either  Otm  dottott  or  Pyroxyline, 
C,jH,4(NO,),0,o,  an  important  explosive,  insoluble  in  alcohol -ether,  or 
OoUodlon,  which  contains  leaa  of  the  nitric  radicle,  ia  not  bo  exploaive, 
and  is  solable  in  alcohol-ether.  Celluloid  is  produced  by  treating' 
nitrated  cellulosa  with  camphor. 

Starch  or  Amylnm,  (CnHioOJ,,  [CgflHajOsi  J],  is  present  in 
all  assimilating  plants,  being  built  up  in  the  chlorophyll 
granules  from  the  carbonic  acid  absorbed,  and  ia  found 
especially  in  the  nutriment  reservoirs  of  the  plants,  e.g.  in  the 
grains  of  cereals,  in  perennial  roots,  potatoes,  etc.  It  is  con- 
yerted  into  sugar  daring  the  transference  of  the  sap.  It 
forms  a  white  velvety  hygroscopic  powder  which  consists  of 
round  or  elongated  granules  in  concentric  layers,  insoluble  In 
cold  water.  The  interior  of  these  granules  consists  of  "  granu- 
lose  "  and  their  husk  probably  of  cellulose.  When  they  are 
■wanned  with  water,  the  latter  is  broken  open  and  a  jelly 
formed.  Both  the  granules  of  starch  and  its  jelly  ai'e  coloured 
an  intense  blue  by  iodine  and  bright  yeUow  by  bromine,  from 
the  formation  of  loose  addition  compounds.  The  colour  of  the 
iodine  starch  paste  vanishes  on  heating  but  reappears  on 
cooling. 

Wben  heated  with  glycerine,  the  ao-called  "  soluble  starch  " 
is  formed,  also  when  boiled  with  water  containing  sulphuric 
acid  or  by  the  action  of  diastase.  Further  treatment  with 
acid  converts  it  into  dextrine  and  dextrose,  and  with  diastase 
into  dextrine  and  maltose.  Warming  with  very  little  dilute 
nitric  acid  to  110°  yields  dextrine. 

Ferments,  As  has  slreaily  been  repeatedly  mewtiooai,  sXa.xdii.  Si 
tmatoiwed  by  the  aation  of  diastaae  into  maltoaa  ftivA  46X.\cviia.    Tl\ai 
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diastase  ie  an  albuminouB  BuTiatancc  of  utiliiiowu  compoaition  which  ia  ' 
termed  an  "  unorganized  fDrment,"  in  eontradistinctioii  b 
ixed  fermenta,"  the  micro -organismB  (p.  SO).  It  is  produced  during  the 
genninatioD  of  barley  and  other  varieties  of  ceroala,  ia  precipitated  as  a 
white  powder  in  the  aqneoas  maJt  extract,  and  causes  the  conTersioii  of 
starch  into  Bnga,r  when  added  to  starch  paste.  Among  other  unorganized 
ferments  may  be  mentioned  emulain,  which  is  contained  in  bitter 
almonds,  the  "  soluble  ferment  of  yeast,"  the  ptyalin  of  the  Bativo,  tfafl  _ 
pepsin  of  the  gastric  juicE,  and  the  trypsin  of  the  pancreas.  I 

The  following  substances,  amonp;  others,  closely  resemble  starch  :  ' 
licbanln  or  7iio»a  etarch,  present  in  many  licbens,  e.g.  in  Iceland 
moss  (Cetraria  islandica),  which  is  coloured  a  dirty  blue  by  iodine  ;  and 
Innllu,  present  in  the  roots  of  the  dahlia  and  many  composites 
(Inula  Helenium),  which  is  coloured  yellow  by  iodine  and  converted 
into  IiBTuloBB  when  boiled  with  water. 

OlycogDQ  or  Anlmitl  starch,  Ihier  starch,  is  present  e.g.  in  the  livers  o( 
the  mammalia.  It  is  a  colourless  amorphous  powder  which  is  turned 
wine-red  by  iodine  ;  after  the  death  of  the  animal  it  rapidly  changsw 
into  dextrose,  the  same  conversion  being  effected  by  boiling  with  dilntv 
acids,  wtiile  fernients  transform  it  into  maltose. 

flum  variBtiea,  C^Hj^Oj.  The  gums  are  amorphouB  tran» 
parent  substances  widely  distributed  in  the  vegetable  worl^ 
which  yield  sticky  liquids  with  cold  water  and  are  precipitated 
by  alcohol.  The  guma  proper  dissolve  in  cold  water  to  dei 
solutions  while  the  mucilages  only  swell  up  with  water  to 
liqoid  which  cannot  be  filtered. 

Dextrine  or  starch  gmn,  CflH^^Oj,  ia  formed  by  heatii 
starch  either  alone  or  with  a  little  nitric  acid,  together  witl 
dextrose  by  boiling  it  with  dilute  sulphuric  acid,  and  together' 
with  maltose  by  diastase.  It  exists  in  various  modificationa  i 
{amylo-dextrine,  ery  thro -dextrine,  achroo-dextrine,  malto- 
dextrine),  which  differ  from  one  another  in  their  behaviour 
with  iodine.  It  does  not  reduce  FehHvg's  solution  even  when. 
wanned,  and  is  not  directly  fermentable  by  yeast  but  only 
after  the  prolonged  action  of  diastase,  maltose  being  formed*' 
Its  applications  are  numerous.  ' 

AraMo  add,  2CsH,„0j  +  HjO.     Gum  arabio  or  arabin,  a  clear  g\amfy 

secretion  of  many  plants,  which  dissolves  to  a  clear  solntion  in  watw' 

and  ia  mach  used  as  a.  gum,  consiaU  of  the  '^taasinm  and  calcium 

of  arabio  «cid.     The  lattec  U  *•  'w^ute  uadt^V^raii  'NK-^u-vit^^j^sc^  -■ 
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vbioh  ia  broken  np  by  dilute  Eicids  into  araliiiiose  and  liextrose  ;  it  is 
not  yet  certain  ttiat  it  bclonga  to  the  class  of  carbohydratoa. 

BasBorlu  (a  mucilage),  ia  the  chief  cousCitaeut  of  gam  tragacantb 
»nd  gum  basBora. 


XV.  TRANSITION  TO  THE  AROMATIC 
COMPOUNDS. 

In  the  compounds  which  have  been  treated  of  up  to  now,  a, 
BO-called  "  open  carbon  chain "  baa  been  assumed,  Le.  one  in 
■which  the  end  and  middle  carbon  atoma  have  to  he  distin- 
guished from  one  another.  For  benzene  and  its  extraordinarily 
numerous  derivatives,  on  the  other  hand,  it  is  very  probable 
that  six  carbon  atoms  are  linked  together  in  a  "  closed  chain," 
or,  in  other  words,  that  the  two  end  carbon  atoms  of  the 
original  open  chain  0 — C — C — -C^C — C  are  now  joined 
together.     Such  a  hnking  is  also  termed  a  "  ring,"  (cf.  p.  52), 

The  question,  what  kinds  of  closed  carbon  chains  are  capable 
of  existence,  has  therefore  of  late  been  the  subject  of  much 
investigation,  and  it  would  seem — so  far  as  our  present  know- 
ledge goes — that  such  compounds  with  three,  four,  five  and 
possibly  seven  carbon  atoms  can  be  prepared.  The  simplest 
compounds  of  this  nature  which  are  theoretically  possible 
■consist  of  three,  four,  or  five  methylene  groups,  viz.,  tri- 
methylene,  CjHg,  tetra-m ethylene,  C^Hg  and  pentamethylene, 
CgHjg,  the  two  last  being  only  known  in  the  form  of  deriva- 
tives. 


A.  Tri-,  Tetra-,  and  Penta-methylenea. 

Derivatives  of  tri-  aud  tetra -methylene,  in  especial  carboxylic  acids, 
.g.   Tri  mstliTlaiie-moiiD-cartioxyllc    acid,   C^Hr^CO.^E,   Tri-metbylene- 

dl-carbozyllc  aoid,  CsH/COJl);,  and  Tetra-mathylena-iU  carDoxyllo 
aa,  C,y,(COBH)j,  etc,  have  been  prepared  (at  first  as  ethers)  by  W. 
'..  Perkin.  jiin. ,  by  the  nction  of  ethylene  bromide  and  trt-niethylene 

bromide  upon  BOdi|K:;,alonio  ether  (see  B.  17,  1652,  Qto,,  tJw  'ywiwui 

j»psn  io  Cb.  Soc.  J.),  tbua  i 
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CHLBr  ^OO.OR         CH-^        ^00.  OR 

CHaBr         ^  N:J0.0R  CHj-^    N)0.0R 

Sach  a  mode  of  formation  points  to  the  atomic  grouping  which  has 
just  been  indicated,  (Cf.  also  FUtig  and  Marburg,  B.  18,  3413),  as  does 
also  the  fact  that  these  compounds  show  much  less  tendency  to  combine 
with  bromine,  hydrogen  or  hydrobromic  acid  than  the  olcfinea  or  the 
unsaturated  acids  do.  Bromine  either  does  not  act  at  all  or  adds  itself 
on  with  difficulty,  nascent  hydrogen  is  without  action  and,  although 
combination  with  hydrobromic  acid  is  more  readily  effected,  that  also 
is  relatively  difficult.  Such  an  addition  can,  according  to  theory,  only 
be  brought  about  by  a  *' breaking  up  of  the  ring,"  t.e.,  by  the  formation 
of  an  open  chain  and  the  taking  up  of  two  monovalent  atoms. 

A  Penta-methsrlene-dicazlMzylle  add,  G5H8(GOtH)2,  has  also  been 
obtained  by  means  of  the  malonic  ether  synthesis,  (B.  18,  3246). 

Lenconic    add,    or    penta-keto-pentaanethylem,    Cfi^  +  ^HJ^,    = 

G0<^^     '^,  and  its  near  relation  Orooonie  add,  C5O5HS,  are  deriva- 

tives  of  penta-methylene.  Both  of  these  have  been  prepared  from 
potassium  carboxide,  a  bye-product  in  the  manufacture  of  potassium, 
and  are  highly  interesting  from  a  theot'etical  point  of  view,  {Nieizki 
and  Benckiser,  B.  19,  293;  20,  1617.)    See  hex-oxy-benzene. 

For  Penta-methylene  derivatives,  cf.  also  FUtig,  B.  18,  3410; 
ffarUzach,  B.  20,  2780. 


Closed  chains  which  contain  other  polyvalent  elements 
(0,  S,  N)  in  addition  to  carbon  are  known  in  considerable 
number;  they  must  manifestly  be  assumed,  for  example,  in 

succmic  anhydride,  a,tt  nri^^*  ^  succmimide,  j^^^  nr\J>^f 


GH.2 — C/H2 — CH2 


in    y-butyro-lactone,  I  I      ,    in     parabanic    acid,  ^ 

alloxan,  etc.,  and  also  in  pyridine,  quinoline,  etc. 

At  this  point  must  be  described  three  compounds  in  whichrri 
closed  atomic  rings  are  likewise  to  be  assumed,  viz. : 


\ 


f 
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B.  Purfurane,  C^H.O,  Thiophene,  C^H^S,  and 

Pyrrol,  C,H,{NH). 

From  these  compounds  a  whole  series  of  derivatives  are  ob- 

tained by  the  substitution  of  hydrogen  by  halogen,  and  also  by 

the  entrance  of  the  groups  -CHg,  -CH.OH,  -CHO,  -CO^H, 

etc      In   their  properties   furfurane,    thiopheco    and    pyrrol 

remind  one  of  benzene.     Thiophene  in  particular  is  delusively 

like  the  latter,  e.g.  in  odour  and  boiling  point,  and  its  various 

-derivatives  often  show  a  marvelloua  similarity  in  their  chemical 

and    physical   relations   to   the  corresponding  derivatives  of 

benzene.     (See  table,  below.) 

Summary. 

J^ym.«e, 

Pyrrol, 

Tliioplidie, 

Ber^«^ 

,         Ofifi. 

C^H,(NH). 

C.H.S. 

C,H^' 

Dibromo- 

Tetra-iodo-pyrrol 

Dibromo- 

Dichloro-benaene 

furfurane 

tWopbene 

C„H,C1,. 

C.H,Br,0. 

C.H,Br,S. 

Meth  yl-f  urfursn  e 
C.H,0(CH3). 

a-,  p-Methyl- 

a-,  ^-Methyl- 

Toluene 

CjEj^TcH,). 

CiHsS(CH3). 

CeH,(CH,). 

Fnrfurane  alcohol 

rhiopheiie  alcohol 

Benzyl  alcohol 

C^0(CHj.OH). 

C,H3S(CHj.0H). 

C,H,(CHa.OH). 

Farfurol 

Tbioplieiie 

aJdobyde 

C.HsS(CHO). 

Benzoic  aldehyde 

C^H,0(CHO}. 

CeH.(CHO). 

Cyromucic  acid 

a-.P-IVmjl- 
carboxylio  acid 
CjHjNfllCOjH). 

Benzoic  acid 

C.H,0(CO,H). 

carbojylic  acid 

C,H,(CO.H). 

C^HjSiCOaH). 

Dimetliyl- 

a-,  ,S-DimBthyl- 

Dimethyl- 

Xylenea 

fnrforane 

C^Hj&HICHj),. 

thiophcne 

CsH,(CHBla. 

C,H,0(CH.),. 

C,H,S(CH,)r 

Etc.                                                                            1 

C,Ht(N.OH,t, 

C,H,S(NH,).          C,H,(Hn,).               I 
Thiophene-              Benzene-                 1 
aulphonic  acid      Bnlphonic  acid             1 

^^^^^                               ^ri 
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Furfurane,  pyrrol  and  thiophene  also  resemble  one  another 
in  many  respects.  All  three  boil  at  relatively  low  temperatures, 
( +  32°,  126°,  84°),  are  either  insoluble  or  only  slightly  soluble 
in  water,  but  easily  in  alcohol  and  ether,  and  show  many 
analogous  colour  reactions.  Thus  pyrrol  and  thiophene  and 
their  derivatives  give,  for  the  most  part,  an  intensive  violet 
to  blue  colouration  when  mixed  with  isatin  and  concentrated 
sulphuric  acid,  and  a  cherry-red  or  violet  colouration  with 
phenanthrene-quinone  and  glacial  acetic  or  sulphuric  acid. 
The  vapour  of  pyrrol  colours  a  pine  shaving  which  has  been 
moistened  with  hydrochloric  acid  carmine  red  (7rv/5/5os,  fiery- 
red),  while  furfurol  vapour  colours  it  an  emerald  green;  the 
latter  likewise  colours  a  piece  of  paper  moistened  with  xylidine- 
or  aniline  acetate  red.  Furfurane  is  converted  by  hydrochloric 
acid,  ie.  by  mineral  acids,  into  an  insoluble  amorphous  powder, 
and  pyrrol  into  an  insoluble  amorphous  brown-red  powder 
"pyrrol-red"  (with  evolution  of  ammonia),  while  thiophene 
remains  unaltered ;  the  derivatives  show  a  similar  behaviour. 
Pyrrol  is  distinguished  from  the  two  other  compounds  by 
having  weakly  basic  properties. 

Formation.  1.  From  mucic  acid,  C4H4(OH)4(C02H)2.  This 
is  converted  into  pyromucic  acid  (  =  furfurane-carboxylic  acid), 
C4H30(C02H),  upon  dry  distillation,  the  latter  in  its  turn 
yielding  furfurane  when  heated  with  caustic  soda.  By  the 
action  of  ammonia,  i.e,  by  the  dry  distillation  of  the  ammonium 
salt,  mucic  and  pyromucic  acids  are  transformed  into  pyrrol. 
Lastly,  thiophene -carboxylic  acid,  and  from  it  thiophene, 
result  upon  heating  mucic  acid  with  barium  sulphide  : 

(a)  Cfi^{0B.UG0^Ii)2  =   C4H4O       +2CO2  +  3H2O; 

(6)04H4(OH),(C02H)2  +  NH3   =   C4H4(NH)  +  2C02  +  4H20; 
(c)  G^li^(OB.)^{CO^Ii)^  +  lL^S    =   C4H4S        +2CO2  +  4H2O. 

2.  From  succinic  acid,  C2H4(C02H)2.  Succinimide, 
C4H402(NH),  yields  pyrrol  when  strongly  heated  with  zinc 
dust,  and  sodium  succinate  yields  thiophene  when  heated  with 
P2S3,  {Folhard-Erdmann,  B.  18,  454.) 

3.  Pyrrol  also  results  from  acetylene  and  ammonia  at  a  red  heat,  and 
thiophene  when  ethylene  is  led  ovex  ^owsi^  ^3"^^*^ 
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4.  By  the  action  of  NHj  or  PjSj  respectively  upon  aceto-aoctic  ethw 
and  diaoeto-auccioic  ether,  complicated  pyrrol  and  thiophene  derivative* 
are  obtained,  {Knmr,  B.  17,  1635 ;  18,  307,  1558.) 

5.  From  acetonyl-acetone, CH3— CO—  CH„— Cll^— CO— CHj, 
dimethyl-fiirfiirane  results  with  separation  of  water,  dimethyl- 
pyrrol  by  heating  it  with  alcoholic  ammonia,  and  finnUy 
dimethyl-thiophene  with  pentasulphide  of  phosphorus,  (Foal, 
B.  18,58,367;  30,  1074.) 

This  behaviour  would  indicate  that  the  acetonyl-acetone  changes  Snt 
into  the  isomeric  compound,  CHj— C(OH)=CH— CH=C(OH)— CH3,  or 
CH=C(CH,XOHJ 

n-n  ri^xrr  ,,(iTT  '<  "P*""  "^^^  assuinption  the  formation  of  dimethyl- 
L.il = L' ( Liilj )( UU ) 

furfurane  appears  simply  as  that  of  an  anhydride,  that  of  dimethyl- 
pyrrol  X.B  an  exchange  of  2(0H)  for  NH  (iniide  formation),  and  that  of 
dimethyl -thiopli en B  as  the  formation  of  a  sulphide,  t.e.  exchange  at 
3(OH)  for  S,  according  to  the  following  equations  : 
CH=C(CH3).0H  _  CH=C(CH3).^ 
CH=qCHB).OH        CH=C(CHs)-^^  ■*"  ^ 
CH=C(GH,).OH  _  CH=C(CH,)^ 
™»  +  6h=C(CH,).0H  -  CH=C(CH,)>*^^  +  ^^='^- 


CH=C(CHi).OH  _  CH=C(CH3). 
■*■  CH=C{CH,).OH  "  CH=C(CHj)- 


>S  +  2HjO. 


Prom  the  ahove  we  have  the  (^onstiiulioiiat  formiUae  ; 

Furfurane.  Pyrrol  Thiophene. 

CH.CH-^  CH.CH-^""  OH-CH'^'' 

m    w 

These  formntae  receive  corroboration  from  the  frequently  observed 
fact  that  those  substances  are  capable  of  yielding  addition  compouuds 
with  bromine  or  hydrogen,  (see  pyrroline).  According  to  the  above 
formuliB,  two  isomeric  mono-derivatives  of  each  of  the  three  BnbstanceB 
are  possible,  e.g.  of  thiophene  ;  1.  one  in  which  the  hydrogen  atom 
which  stands  nearest  to  the  S  {0,  or  NH),  and  2.  one  in  which  a  quasi 
middle  hydrogen  atom  is  substituted.  As  a  matter  of  fact  two  such 
isomera  have  been  observed  in  many  cases,  e.g.  two  thiophenic  acids, 
(see  table).  These  crystallize  mised  together,  the  crystals  having  a 
homogeneous  appearance  although  they  contain  both  acids,  ( V.  Meyer, 
A.  3a«,  SOO). 

Furfurane,  OjHjO,  is  a,  colourless  mobile  Uqvrid  o?  a^A.OTQl'Mvsi. 
odour  which  boUa  at  33',     It  appeare  to  ^  ^Tei%e;T\.'(,\n'%\oM 


300     XV,  TRANsirroN  to  titr  aromatic  compounds. 

woofl  iiiT,  aa  ilnes  also  Methyl-furfurane  or  si/lvane,  B.  Pt.  63% 
Dimethyl-furfurane,  C^E.g{CB.^)/),  is  a  colourless  inobito 
liquid  of  a  characteristic  odour,  B,  Pt.  94°.  Concentrated 
acids  convert  it  into  a  resin ;  it  can  be  retransformed  into 
ace  tony  1-acetone. 

Fnrfnrol,  furfurane  alddiyde,  CjHjO^  (Dohereiner),  result^' 
from  the  action  of  moderately  concentrated  sulphuric  acid 
upou  carbohydratea,  for  instance,  sugar,  and  is  found  e.g.  in 
fusel  oil.  It  is  a  colourless  oil  of  agreeable  odour  which 
turned  brown  by  the  air;  B.  Pt.  162°.  It  bas  the  nature  of 
an  aldehyde  and  shows  characteristic  reactions,  (B.  30,  540). 

Pyromucic  acid,  CJlfi^,  =  O^HaOfCOjH).  Needles  or 
plates  of  a  character  similar  to  that  of  the  crystals  of  benzoic, 
acid,  subliming  easily  and  being  readOy  soluble  in  hot  wat«: 
and  alcohol.     M.  Pt.  134°. 

e  frequently  termed  "furane  "  derivi^ 


Pyrrol,  C^H^NH,  is  a  constituent  of  coal  tar  {Eunge)  and 
of  bone  oil  (^Arulerson),  and  possesses,  like  many  of  its  bomo- 
logues,  a  chloroform  odour.  It  is  a  secondary  base.  lU 
imido-bydrogen  is  replaceable  by  alkyl,  acetyl  or  metals. 

Potauliun-pfTtol,  CjH^NK,  wbioh  is  obtaioerl  from  pyrrol  and 
potoaaiTim  or  potash,  is  a  colourless  compound  which  is  decomposed 
backwards  by  water,  and  which  is  converted  into  pyridine  by  CU^^ 
and  HaOlCHj).  By  the  action  of  iodine  and  alkali,  substitution  takca 
place  with  the  formation  of  Tetra-ioao-pyrrol  or  lodol,  CiI^lNH), 
which  crystallizes  in  yellowish -brown  plates  and  is  an  antiseptic. 

Zincand  glacial  acetic  add  con  vert  pyrrol  into  Pyrroline,  C4Ho(NH), 
a  colourleaH  liquid  and  Strong  secondary  base,  B.  Pt.  B0° ;  and  when: 
this  latter  is  heated  with  hydriodio  acid,  it  is  further  reduced  to 
PyrrolidinB,  CjH5(NH),  a  colourless,  strongly  alkaline  base  resembling" 
piperidine,  and  boiling  at  85-88°.  Pyrrolidine  yields  pyrrolylene,  1 
CiHf,  with  methyl  iodide  and  caustic  sjkali,  Isee  Conine;  also  p.  57.]fl 
Pyrrolidine  is  formed  synthetically  by  treating  ethylene  cyanide  withfl 
sodium  and  alcohol,  thus  :  ■ 

CH,-CN  ^  ,„         CH^CHrNHa         CH,_CH^         4.  ntt  -  1 

CH,-CN  ^■'^^  =  CH,-CH,.NH,'  "  CH,-CH,-^'^"  +  NH,,  | 
it  la  consequently  designated  T«teariiM\Ai.i^eDB-tmliifi,  (LadatbitrgiM 
B.  XO,  782;  ao,  44S). J 


THIOPEENB.  301 

Pyrocoll,  CjHaNO,  (yellow  platea),  the  anhydride  of  a-Pyirol- 
MrbMcylloactd,  CjHjNHICOaH),  reaulta  from  tho  diatillation  of  gelatine. 
The  acid  itself  cryetatlizes  iu  metallic  green  prismB,  M.  Ft.  191°.  (Cf. 
table  of  pyiTol  derivatives,  also  B.  ao,  2594.) 

Thiophene,  C^H^S,  (F.  Meyer,  B.  16,  liCS  etc.),  is  Ukewise 
present  in  coal  tar,  being  invariably  found  in  benzene  (up  to 
0-5  p.c.) ;  the  same  applies  to  its  homologues  thiotolene 
(methyl-thiophene),  and  thioxene  (dimethyl-thiophene),  which 
accompany  toluene  and  xylene,  etc.  Ita  boiling  point  (84°)  ia 
almost  the  same  as  that  of  benzene  (80'4°),  from  which  it  ia 
extracted  by  repeated  shaking  up  with  small  quantities  of 
concentrated  Bulphnric  acid,  which  chiefly  dissolves  the  thio- 
phene  (to  sulphonic  acid).  (Cf.  B.  l?,  2641,  2852.)  It  is  also 
attacked  more  readily  than  benzene  by  other  reagents  such 
as  iodine  and  bromine, 

Thiophene  is  also  obtained  syntbetically  by  leading  the  vapour  of 
ethyl  Holphide  through  a  red-hot  tube  {KeiMltS),  and  in  smoill  quantity 
hj  heating  crotoaic  aoid,  normal  butyric  acid,  para- aldehyde,  erythrite, 
«tlier  etc.  with  P,S,. 

The  preparation  and  properties  of  the  thiophene  derivatives 
are  in  part  almost  literally  the  same  as  those  of  benzene. 
Thus  nitric  acid  acts  on  thiophene  to  produce  a  Nitro- 
t&iophene,  analogous  to  nitro-benzene,  which  can  in  its  turn 
be  reduced  to  amido-thiophene ;  the  latter  ia,  however,  much 
less  stable  than  the  corresponding  amido-henzene  (aniline). 

Tbiophene-sulphonic  acid,  0^11^3(80^11),  decomposes  into 
thiophene  and  sulphuric  acid  when  superheated  with  water. 

TMotenol,  CjHjS(CHj)(OH),  the  phenol  of  thiotolene,  ia  formed  by 
luating  levnlinic  acid  with  P^Sg,  (B.  18,  503). 

The  blue  colouration  which  reaulta  upun  shaking  up  benzene  contain- 
ing thiophene  witli  iaatin  and  concentrated  HjSOj,  depends  on  the  for- 
Biatjon  of  tbe  blue  colonring  matter  "  Indophenln, "  C^HyNOS. 

PentblopheiLe,  CHj<^y.~Qjj^8,  would  be  an  analogue  of  thio- 
phene containing  five  atoms  of  carbon.  A  methyl  derivative  of  it  has 
Mcently  lieen  prepared,  which  allows  exactly  the  same  character  ani 
oolour  reactions  as  thiophene,  but  is  completely  decomposed  by  KMnO^. 

(Ct  V,  Ueyer'i  "  Die  Thiophongrappe,"  BmuuacWei?,,  V*^,"\ 
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0.  Pyrazols  apiid  Thiazols. 

By  the  action  of  phenyl-hydrazine  upon  aceto-acetic  ether,  water 
and  alcohol  are  eliminated  and  there  is  formed  a  compound  G10H10N3O, 
which  was  formerly  considered  to  be  a  quinoline  derivative,  *'  methyl- 
oxy-quinizine,"  but  which  very  probably  possesses  the  constitutional 

formula        *     • p^/>Nr — OeHg.    According  to  this  view  it  appears 

CB[=Nr 
as   a   derivative  of  the  as  yet  unknown  pyrazol,     •  >>NH, 

01i=Gli 

(which  is  derivable  from  pyrrol  by  the  exchange  of  CH'"  for  N'")»  and 

has  received  the  name  "  Fhenyl-methyl-pyrazolone  *'  on  account  of  its 

possessing  a  ketonic  character.    When  methylated,  it  goes  into  the 

valuable  febrifuge : 

Anti'pjnne,  phenyl4imethyl^yrazol(me,  OnHiaNgO,  the  hydro- 
chloride of  which  crystallizes  in  thick  colourless  prisms.  For 
the  constitution  of  these  compounds  see  L,  Knorr^  A.  238,  137. 

All  the  compounds  which  are  constituted  similarly  to  aceto-acetic 
ether  (/3-ketonic  acids,  /3-ketonic  aldehydes,  /3-diketones),  likewise 
yield  derivatives  of  pyrazol  with  phenyl-hydrazine. 

CH— -N 

As  derivatives  of  the  as  yet  unknown  TMazol,   ••       a  ^^H,  (which 

is  derivable  from  thiophene  by  the  exchange  of  CH  for  N),  are  regarded 
a  series  of  peculiar  compounds  which  nearly  resemble  the  bases  of  the 
pyridine  series  in  properties,  and  which  in  fact  are  derived  from  these 
latter  in  the  same  way  as  thiophene — which  so  closely  resembles  benzene 
— is  from  the  latter,  i.e.  by  the  exchange  of  C3H2  for  S.     To  this  class 

belongs  e.g.  Dimethyl-thiazol,        ^    'A    a  ^0— CH3,  which  is  formed 

\j — 0 

from  monochlor-acetone  and  aceto-thiamide  (p.        ),  with  elimination 

of  HgO  and  HCl,  and  which  is  exceedingly  like  a-lutidine  (dimethyl- 

pyridine,  p.  487)>  especially  in  odour  and  basic  character. 

Amldo-thiazol,  thiazoHne,    ••       q^O — ^NHg,  which  is  produced  by 

\JMJL O 

the  action  of  mono-chloraldehyde  upon  thio-urea,  is  a  base  of  perfect 
'*  aromatic"  character,  like  that  of  aniline.  (Gf.  MantzscJi  and  Weber, 
B.  20,  3118 ;  ai,  938,  942). 


Class  II.— CHEMISTRY  OF  THE 
BENZENE  DERIVATIVES. 


XVI.  SUMMABT. 


All  the  compoQndB  which  have  been  treated  of  np  to  now 
.are  derivable  from  the  homologous  hydrocarbons  CuHi„+j, 
CbHb,,  0nHa„-9i  et*'  by  the  exchange  of  hydrogen  for  halogeu, 
hydroxy!  or  oxygen,  amide,  carboxyl,  etc.  ;  and  aince  all  the 
hydrocarbons  already  mentioned  may  also  be  regarded  as  deri- 
Tativea  of  methane  {b.j.  CjHg  =  CHb(CHj)  =  methyl-methane, 
CgHg  =  CHg(CHa)a  =  dimethyl-methane,  CjH,  =  CHa :  CH, 
=  methyleDe-methane,Cj,H2  =  CH  •  CH  =  methin  em  ethane, 
etc.),  we  may  term  the  compounds  which  have  been  described 
in  the  foregoing  portion  of  this  book  Meikaiie  derivaUtes. 

But  in  addition  to  this  first  class  of  organic  compounds 
there  is  a  second  groat  class,  viz.  that  of  the  Aromalic  com- 
pounds or  Benaene  derimlives.  The  first  of  these  two  names  is 
historical  but  no  longer  justified  by  facts,  since  compounds  of 
agreeable  as  welt  aa  unpleasant  odour  are  to  be  found  in  both 
classes.  As  benzene  derivatives  are  designated  the  members 
of  this  class  which  are  derivable  from  the  hydrocarbon 
benzene,  CgHg  (and  also  from  more  complicated  hydrocarbons 
Buch  as  anthracene,  naphthalene,  etc.,  which  are  themselves 
derivatives  of  benzene),  just  as  the  methane  derivatives  are 
from  methane. 

Benzene  ia,  as  its  formula  CgHg  shows,  a  compound  much 
poorer  in  hydrogen  than  the  paraffins,  conttiiniu^  e\^t'^-^'wi'TO.'i 
]esa  t}ian  Jiexaae,  CgHj^  ;  in  the  same  way  aW  Aje^i^dTia  ftLMv^ar 
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tivea  are  much  poorer  in  hydrogen,  i.e.  richer  in  carbon  than 
the  analogous  methaoe  derivatives,  as  ifl  seen  by  comparing 
6.g.  benzoic  acid,  CjHgOj,  with  heptoic  acid,  CJHJ4O3,  or 
aniline,  CgH^N",  with  ethylamine  C^HjN,  etc.  etc. 

The  hydrogen  atoms  of  benzene  are,  like  those  of  methane, 
replaceable  by  the  most  various  elements  and  atomic  groiipa. 
By  the  entrance  of  halogens,  substitution  products  result,  by 
the  entrance  of  NH^,  aromatic  bases,  of  OH,  phenols,  of  NOj, 
nitro-compounds,  and  of  CH^  etc.,  the  homologues  of  benzene  ; 
there  are,  in  addition  to  these,  aromatic  alcohols,  aldehydes,  I 
acids  etc.     (See  table  on  following  page.)  J 

These  benzene  derivatives  are  partly  analogous  in  their  j 
properties  to  the  methane  derivatives  of  corresponding  com- 
position ;  in  part,  however,  they  show  new  and  peculiar 
properties  of  their  own,  (see  pp.  306,  333,  359).  One  dia- 
tinguiahea  between  mono-,  di-,  tri-,  etc  benzene  derivative* 
according  as  one  or  two  or  more  hydrogen  atoms  are  replaced. 
by  the  elements  or  groups  in  question ;  thus,  for  instancy 
toluene  and  chloro-benzene  are  mono-derivatives,  dimethyt 
benzene  and  dichloro-benzene  di-derivatives,  and  so 
Further,  just  as  it  was  found  when  speaking  of  the  polyatomW; 
alcohols  and  acids,  that  the  replacing  groups  need  not 
identical,  so  in  this  class  also  iumimerable  compounds  ; 
known  containing  various  substituents.  Such  compoundd 
have  usually  some  of  the  characteristics  of  all  those  mono* 
derivatives  which  result  from  benzene  by  the  exchange  of 
H-atom  for  one  of  these  substituents. 

All  the  derivatives  of  benzene  can  be  converted  either  int(|( 
benzene  itself  or  into  very  nearly  allied  compounds  by  n  ~ 
iirely  simple   reactions.      Thus  all    the    carhoxylic    acids 

benzene  (benzoic,   phthalic,  mellitic,  etc.),  yield  benzene 

distillation  with  lime,  while  other  acids,  such  as  saHcylic,  givf 
up  CO3  and  yield  phenol,  and  so  on ;  the  last-named  coitt 
pound  goes  into  benzene  when  distilled  with  zinc  dust  Tln| 
homologues  of  benzene  are  converted  by  oxidation  int 
ienzeiie-carboxylic  acids,  which  give  benzene  when  heats 
mtli  lime. 
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The  relation  of  a  benzene  derivative  to  its  mtii/ier  sulistanc-e  is 

therefore  a  very  simple  one. 

Tbia    circnmBtanoe   is   one    particularly   worthy  of   noto,    since  the 

•tomic  group  C,H,  is  already  a.  tolerably  complicated  mnleoule  in  itself, 

wmpler  hydrocarbon  oontaiuing  5,  4,  or  3  C-4toma  ;  when  oxiiii^ed. 

■whicli  is  a  matter  of  dilficulty,  it  gooa  into  carbon  dioxide  or  similiir 

siinple  orglmic  BcidB. 

Sv/mrna/ry  of  a  few  Benzene  derivatwes. 

Methyl-^CDzene  or 

C.H.(CH3), 

C,H,{CH,), 

Diraethyl-heazeneB 

Trimethy  1 .  henzenea. 

toluene. 

C>H,,C1 

Bic-a^^ne. 

■?£."? 

0,H,(OH), 

CsHjfOH), 

Resorcin,  etc 

PyrogaJlol,  etc. 

C,Hj.CH:i.OH  ' 

Benzyl  alcohol. 

CeHj.NO, 

CbH.(NO,), 

C,H3(N0,),0H 

Dinitre-benzenca. 

DimtVo-pheuoIfl. 

CeH,.NHj 

C,H,(NHj),_ 

C„B,{SH,), 

AnUina. 

Tri-amido -benzenes. 

__        C^^Sp.H      .^ 

C^,(NHs)(SO,H) 

C,H,(SO,H), 

IBenzoiiQ-siilpjiODic  acid. 

Bcnzene-tri-BQlphonic 
aold. 

CHr-CHO 

Benzaldehyde. 

Q,H..CO^ 

ssra. 

Hemi-mellitic  acid,  etc. 

Bemmie  acid. 

C^,.ON 

aH,(OH)(CO,H) 
Salioylic  acid,  etc. 

Benzo-nitrile. 

The  benzene  derivatives  are  connected  with  one  another  by 

the  most  various  reactione,     The  NOa-group  is  readily  con- 

vertible into  NHj,  and  the  latter  ia  replaceable  by  halogen. 

hydrogen  and  hydrosjl ;  the  halogen  is  also  replaceable  by 

methyl,  oarboxyl,  etc. 
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Differences  between  the  aromatic  and  fatty 
hydrocarbons. 

Benzene  differs  from  the  fatty  hydrocarbons  by  the  follows 
ing  reactions  in  particular  : 

1.  It  forms  nitro-benzene  with  nitric  acid : 

CbH,  +  HO.NO3  =  OflHj.NOa  +  HjO. 

2.  It  yields  benzene-sul phonic  acid  with  sulphuric  acid  : 

C^H,  -!-  HO.SO,H   =   C„H5(S03H}  +  H^O. 

Similarly,  almost  all  the  benzene  derivatives  are  capable  <rf 
forming  nitro-compounds  and  sulphonic  acids  in  nearly  theor- 
etical quantity. 

As  has  been  ah'eady  Beeu,  tlie  paraffins  are  either  unaSeuted  by 
centratcd  HNOg  or  H^SO,,  or  only  attacked  with  difficnlt;,  while  tbtt, 
olefinea  form  addition  producta  with  the  latter  acid,  without  aeparati 
of  water. 

3.  The  homologues  of  benzene  differ  from  the  parafSiq 
especially  in  their  capability  of  oxidation  ;  while  the  latter 
only  attacked  with  difficulty  by  oxidizing  agents,  the  fonnar 
are  readily  converted  into  benzene-carboxylic  acids. 

There  are  not  wanting  other  distinguishing  characteristics 
between  the  aromatic  hydrocarbons  and  the  paraffins.  Thus  tha 
halogen  compounds  CgH^X  are  less  active  chemically,  and 
hydroxyl  compounds,  e.g.  CgH5(0H),  are  of  a  more  acid  natan 
than  the  corresponding  fatty  bodies  ;  further,  diazo-compoum 
are  known  almost  only  in  the  aromatic  series,  etc. 

V.  Meyer  dafinaa  as  "  aromatio  "  hydrocarbons  aueh  as  ore  nitrati 
by  nitric  acid,  converted  into  sulphonic  acids  by  anlpboria  acid,  sab^ 
atituted  by  bromine  with  the  foimation  of  stable  products,  and  traiu. 
formed  into  ketouea  (p.  399)  by  organic  add  cblorides  together  wit|l 
chloride  of  aluminium.  Tlie  oompounda  derived  from  these  mv 
"aromatio"  compouniis.  Tbiopbene,  which  behaves  in  a  manoar 
exactly  analogous  to  benzene,  is  thus  also 


C&aracteristic  of  the  ^jenzeuG  Aema.tVies  ^.^a  'Onm 
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Isomeric  relations. 

1.  While  several  isomeric  mono-derivativee  are  both  fcheor- 
atically  possible  and  have  heen  practically  obtained  from  each 
hexane,  C^Hj^,  benzene  is  only  capable  of  forming  a  single 
mono-derivative  in  each  case  ;  isomeric  mono-derivatives  of 
benzene  are  uninown.  The  six  hydrogen  alums  of  benzene  thus 
possess  an  equal  value.  This  is  not  merely  an  empirical  law, 
but  one  which  hae  been  proved  experimentally. 

Proof  of  the  equal  value  of  the  six  hydrogen  atoms. 

Let  the  BIX  H-atoms  be  designated  as  a,  h,  c,  d,  e  and/  reepectivelf . 

1.  Fbenol,  CeHg(OH),  whose  hfdroxyl  may  have  repluuod  the 
H-atom  a,  may  be  converted  into  broma-beozene,  CgHgBr,  and  this 
Utter  into  benzoic  aoid,  CoH,(COaH),  The  oarboxyl  in  the  latter  has 
therefore  also  the  position  a,  i.e.  it  has  replaced  the  H-atom  a. 

2.  The  three  existing  oxy-bennoic  acids,  CaHi(OH)(COjH),  oftn 
'  ather  be  prepared  from  benzoic  acid  or  converted  into  it ;  their  carbozyl 

therefore  has  the  position  a,   and  consequently  their  hydroxy!  must 
'  replace  same  one  of  the  other  H-atoms,  t>e  it  A,  c,  or  d. 

3.  The  oiy-benzoic  acids  can  all  give  up  carbon  dioxide,  yielding 
thereby  the  same  phenol,  CjHjOH,  in  every  one  ot  the  three  cases  ; 

CA(OH)(COaH)  =  CaHutOH)  +  COj. 
And  since  the  latter  componnd  contains  the  hydroxyl  in  position  a, 
,  Bcoording  to  1,  while  the  hydroxyl  in  the  oxy-benzoic  acida  replaces  the 
H-atoma  h,  c  Bad  d,  it  follows  that  the  hydrogen  atoms  a,  b,  c  and  d 
■re  of  equal  value. 

4.  Now,  as  will  be  explained  on  p.  308,  there  are  present  for  each 
E-atom  two  other  pairs  of  similarly -linked  or  symmetrical  hydrogen 
atoms,  i.e.  pairs  of  which  either  the  one  or  the  other  may  be  replaced 
by  any  given  atomic  group,  without  dilferent  anbatanoes  resulting. 
But  the  atoms  of  such  a  pair  cannot  be  present  in  the  positions  a,  b,  e 
uid  d,  aaia  this  case  three  oxy-benzoic  acids  could  not  exiat.  It  must 
therefore  be  the  remaining  H-atoms  e  and  /  which  are  respectively 
united  symmetrically  to  one  of  the  former,  and  which  are  therefore  of 
equal  valne  with  them,  e.p.  e  =  c, /=  6.  Since,  however,  a  ~  b  =  e  ~  d, 
it  follows  that  all  the  six  hydrogen  atoms  are  of  equal  value,  (Laderi- 
burg,  B.  7,  16S4.) 

2.  If  two  hydrogen  atoms  in  benzene  are  te5^8ReA.^y3  i^'Sbki 
dementB  or  groups,  80  tAat  di-derivativea  reauVt,  ^ea6^B■'AKl 


^4 
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must  exist  in  three  different  isomeric  fonns.  We  have  thus 
three  di-chloro-benzeues,  CgH^Clg,  three  di-amido-benzenes, 
CgH4(NHo)2,  three  di-methyl-benzenes,  CgH4(CH3)2,  tihree  oxy- 
benzoic  acids,  CgH4(OH)(C02H),  and  so  on.  And  ihis  is  no 
mere  empirical  law,  for  it  has  been  proved  that  only  tiiree 
isomeric  di-derivatives  of  benzene  are  capable  of  existence. 

It  can  be  shown  that  for  each  H-atom  of  benzene,  e,g,  for  o^ 
two  other  pairs  of  H-atoms,  e.g,  b  and  /,  c  and  e,  are  symmetai- 
cally  linked,  so  that  it  makes  no  difference  whether,  after  a  is 
replaced,  the  second  substituent  replaces  the  one  or  the  other 
of  the  symmetrically  linked  hydrogen  atoms.  According  to 
the  above  notation,  therefore,  aih  —  afy  and  a/Ci  =  (U,  On  the 
other  hand  the  combinations  ah  and  oc  are  not  equivalent  but 
represent  isomers;  the  combination  ad^  the  only  remaining 
case,  represents  the  third  isomer. 


Proofs,  that  for  every  H-atom  (a)  two  other  pairs  of 
symmetrically  linked  H-atoms  exist, 

have  been  advanced  by  various  scientists,  especially  by  Ladenbwrg. 
One  of  these  may  be  shortly  sketched  here. 

1.  According  to  Hiibner  and  Petermann  (A.  149,  129 ;  of.  also 
Httbner,  A.  222,  68,  166),  the  (so-called  meta-)  bromo-benzoic  acid, 
which  is  obtained  by  brominating  benzoic  acid,  and  whose  Br-atom  may 
be  in  position  c  and  COgH  in  position  a,  yields  with  nitric  acid  two 
nitro-bromo-benzoic  acids,  C6H3Br(N02)(C02H),  the  NOg  bemg  (say) 
in  positions  h  and  /.  These  are  both  reduced  by  nascent  hydrogen  to 
the  same  (so-called  ortho-)  amido-benzoic  acid,  05H4(NH2)(C02H),  the 
NO2  being  here  changed  to  NHg  and  the  Br  replaced  by  H.  Since  the 
same  amido-benzoic  acid  results  in  both  cases,  notwithstanding  that  the 
nitro  groups  must  be  in  the  place  of  different  H-atoms  (say  6  and  /) 
from  the  fact  of  the  two  nitro -acids  being  dissimilar,  it  follows  that 
b  and /must  be  linked  symmetrically  to  the  H-atom  a,  t.e.  (ib=af. 

2.  In  an  analogous  manner  the  oxy-benzoic  acid  (salicylic  acid), 
which  can  be  prepared  from  the  above-mentioned  amido-benzoic  acid, 
yields  two  nitro-derivatives  C6H3(OH)(N02)(C02H).  H,  however,  the 
hydroxyl  in  these  is  replaced  by  hydrogen  (a  reaction  which  can  be 
effected  by  indirect  methods),  the  resulting  nitro-benzoic  acids, 
CeH4(N02)(C02H),  are  identical,  and  therefore  the  H-atoms  which 
have  been  replaced  by  NO^  are  m  a  position  symmetrical  to  a.  When 
this  iiitro-ben2soio  acid  is  in  ita  \.\xm  ic^mg^^  \»  ^sML^^-X^^aissR.  v^i^ 
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0|,H4(NHj)[C0aH),   it  is   not   the  above   (ortho-)   amido-aoid   (where 
>db  =  af)  which  is  obtained,  but  an  iaomer.     The  NO,'groiipi  cannot 
therefore  here  be  in  the  position  h—/,  but   muat  replace  two  other 
H-Bitoma  which  are  liliewise  sjimmetric  towards  a,  eay  c  and  e,  Le. 
le^ae.     [Hilbner,  A.  IBS,  4.) 
Thus  two  pairs  of  E-atoms  are  symmetricaUy  linked  as  regards  the 
E-atam  a  :  ah— of;  a<l  =  ae.     There  only  now  remains  the  third  possible 
Mmbinatioa  ad  ;  the  sixth  H-atom  d  is  situated  towards  the  lirat  a  in  a 
position  of  its  own,  i.e.  in  one  to  which  there  is  no  corresponding 
losition. 
For   further   pattiealars    of.    LadenbuTg,    "  Thoorin    dur    aromat. 
Verbindungen,"  Braonschweig,  1876  ;   Wrobkviskr/,  A.  160,  163  ;  IBa, 
IS6  ;  B.  8,  573  ;  B,  1055  ;  18,  Ref.  143. 

It  hcis  been  assumed  in  the  cansideratiouB  just  detailed  that 
when  one  compound  is  converted  into  another  by  the  exchange 
of  atoms  or  atomic  groups  (NHj  for  KO^,  H  for  OH),  this 
exchange  is  effected  without  a  so-called  "  molecular  rearrange- 
ment" taking  place  at  the  same  time  (see  p.  166).  Experience 
baa  proved  that  this  may  be  taken  for  granted  in  a  large 
number  of  reactions  which  proceed  with  relative  exactitude 
and  at  comparatively  low  temperatures.  Those  instances  in 
which  a  molecular  rearrangement  ensues  are  now  well  known; 
especially  is  this  the  case  in  the  fusion  of  aulphonic  acids 
with  potash  (exchange  of  SO^H  for  OH),  a  reaction  which 
.  only  takes  place  at  relatively  high  temperatures,  and  which 
V&equently  leads  to  isomers  of  the  compounds  expected.* 


Ortho-,  Meta-  and  Para-  Di-derivatives. 


-derivatives  of 


Q  bo  transformed 


*  Such  a  rearrangement  of  the  atoms  in  the  molecule  talieB  place 
iciallj  at  rather  high  temperatures.  Thus,  when  potassium  ortho- 
_  Eixjbenzoate  is  heated  to  220°,  thopotttesium  sait  of  the  paro-acid  results ; 
"the  three  isomeric  bromo-benzene-snlphonic  acids,  C5HjBr(S0jH),  and 
"the  three  bromo-phenols,  CjHjBr(OH),  yieW  only  meta-dioxy -benzene 
(reaorcin)  CgH4(()H)„  when  fused  with  potash,  and  not  all  the  three 
^iojiy  benKenes ;  and  ortho -phenol- sulphonic  acid,  CaHj(OH)SOsH, 
s  into  the  para-acid  when  heated,  and  so  on.  Reactions  of  this 
■e  probably  arise  from  tlie  successive  taking  up  uud  a^\iUJv\i^  u%  <A 
ic  groups,  (aee  crotonic  acid,  p.  165V 
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into  one  another,  so  from  one  di-derivative,  e.g.  C^Jl^CSO^)^ 
can  others,  e.g.  CJi^(ii'H^)^  he  prepared.  And  since  all  the 
di-derivativea  of  benzene  exist  in  three  modiii cations,  they 
arrange  themselves  into  tliree  great  classes,  according  to  their 
connection  with  and  convertibility  into  one  another.  Within 
each  of  those  three  classes  the  individual  members  are  related 
by  the  most  various  reactions. 

In  accordance  with  a  proposal  mad  by  A  met  (though 
upon  grounds  which  are  no  longer  tenabl  )  the  ab  tbree 
classes  of  di-dertvatives  are  termed  Orth  M  ta-  and  Para- 
compounds,  being  written  for  the  sake  f  h  rtn  w  th  the 
letters  o-,  m-,  and  p-.  Thus,  o-dianiid  b  n  tl  t  one 
which  results  from  the  reduction  of  o-din  t  o-b  nz  n  It  can 
be  proved  experimentally  (p.  314)  that  the  ortho-  and  meta- 
positions  of  the  H-atoms  are  those  which  occur  in  the  molecule 
in  pairs,  while  there  is  no  position  symmetrical  to  the  para^ 
position.  There  are  likewise  experimental  data  for  distin- 
guishing the  ortho-  and  meta-compounds  from  one  another, 
(see  p.  3U). 


Isomeric  Tri-  etc.  derivatives. 


With  regard  to  the  tri -derivatives  of  benzene,  C^H^Xj,  there 
are  likewise  always  three  isomers  when  the  three  hydrogen 
atoms  are  replaced  by  the  same  substituent,  these  being 
distinguished  on  theoretical  grounds  as  v-,  s-,  and  a-compounds 
{p.  31 4).  When,  however,  only  two  of  the  substituents  are  the 
same,  there  are  six  isomers,  and  when  all  three  are  different, 
ten.  Of  tetra-derivatives,  CgH^X^,  with  the  same  substituent,  . 
there  are  likewise  three,  and  of  penta-  and  hexa-derivatives  onlj"" 
one;  these  last  three  classes  may  of  course  be  looked  upon  a^ 
di-  or  mono-derivatives  of  a  completely  substituted  benzene,  orz 
as  the  latter  itself.  When  the  substituents  are  not  the  same^ 
many  cases  of  isomerism  are  known. 
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Oonstitution  of  Benzene ;  the  Benzene  Theory. 

The  views  which  are  at  present  held  as  to  the  constitution 
of  benzene  and  its  derivatives  rest  principally  upon  Kehilfs 
benzene  theory  (1866),  which  has  found  almost  nniversal 
acceptance  on  account  of  the  elegance  with  which  it  explains 
known  facts,  {^se^Kehdd,  "Lehrbuch  der  oi^nischen  Chemie," 
II.,  493  ;  A.  137,  129).  Since  its  first  proposal  by  him,  it  has 
found  further  support  and  confirmation  from  numberieas 
researches.     Its  chief  points  are  the  following ; 

1.  The  equal  value  of  the  six  hydrogen  atoms  of  benzene 
and  the  existence  of  three  isomeric  di-derivatives  would  be 
incomprehensible  if  an  open  C-atom  chain  were  aacrihed  to  it, 
as  in  the  case  of  the  fatty  compounds.  The  requirement  that 
all  the  H-atoms  of  benzene  shall  be  linked  in  a  precisely  similar 
manner  can,  however,  be  immediately  fulfilled  if  one  assumes 
that  the  lirst  and  last  atoms  of  the  six-atom  carbon  chain  are 
bound  together  exactly  as  the  remaining  atoms  are  among 
each  other,  Le.  that  the  atoms  form  a  "closed  chain"  or  a 
"  ring  "  (pp.  52  and  295),  thos : 

C— C— C— C— C— 0,         =  J  I    "Benzene  ring." 

Since,  according  to  this  mode  of  combination,  all  the 
C-atoraa  are  similarly  grouped,  the  six  H-atoms  can  also  be 
linked  to  them  symmetrically. 

2.  The  further  condition,  that  the  benzene  formula  which  is 
put  forward  shall  render  explicable  the  existence  of  three 
isomeric  di-derivatives,  is  only  fulfilled  if  one  C~atom  binds 
one  H-atom,  i-e.  if  six  CH-groups  are  joined  together  in  ring 
form. 

Leaving  aside  in  the  meantime  the  question  as  to  how  the 
C-atoms  are  connected  by  their  fourth  affinities,  we  obtain  the 
ioMow'mg graphical  /onnula  for  benzene  ; 
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H 

/\ 

HC^         CH 

Hc.     yim 

H 


or,  more  shortly, 


H 
H 


H 


6       8 

v/ 

H 


H 
H 


This  "hexagon  formula"  is  frequently  made  use  of,  on 
account  of  the  perfect  symmetry  to  which  it  gives  expression. 

3.  We  also  arrive  in  the  following  manner  at  the  conclusion 
that  the  carbon  atoms  of  benzene  form  a  closed  chain.  Benzene 
and  its  derivatives  are  capable  of  forming  addition  compounds, 
although  with  far  more  difficulty  for  the  most  part  than 
ethylene,  for  instance;  they  can  take  up  two,  four  or  six 
atoms  of  hydrogen,  chlorine  or  bromine,  according  to  the 
conditions  of  the  experiment.  Thus  benzene,  for  example, 
yields  hexa-hydro-benzene,  OgHjg,  upon  prolonged  treatment 
with  hydriodic  acid,  and  the  phthalic  acids,  CgH^(C02H)2, 
yield  di-,  tetra-,  and  hexa-hydro-phthalic  acids,  etc.  The 
resulting  hexa-hydro-compounds  can  not  only  not  combine 
with  any  more  hydrogen  or  halogen,  etc.,  but  they  readily 
give  up  the  added  atoms  upon  oxidation.  Again,  benzene 
hexa-chloride,  C^^HgClg,  cannot  be  made  to  take  up  more 
hydrogen  or  chlorine  by  any  means,  but  on  the  contrary  it 
readily  yields  up  3H  and  3C1.  These  compounds  therefore 
differ  materially  from  the  olefines  or  their  derivatives  with 
which  they  are  isomeric. 

The  incapacity  of  hexa-hydro-benzene  to  combine  with  more 
hydrogen  leads  unconstrainedly  to  the  following  constitu- 
tional formula,  according  to  which  it  appears  as  hexa- 
methylene : 

I' 
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4.  The  abovB  grapliical  formula  for  benzene  allows  of  a  very 
simple  explaoation  of  the  fact  that  two  paira  of  symmetrically 
linked  C-atoms  (2  and  6,  3  and  5)  exist  for  each  C-atom  (1), 
and  that  one  of  the  modes  of  combination  of  two  C-atoma 
(1  and  4)  can  occur  only  once  in  the  molecule.  The  existence 
of  three  di-derivativea  is  a!ao  explained  very  easily  thereby, 
for,  according  to  this  formula,  only  three  classes  of  di-deriva- 
tivea are  possible,  viz. :  1.  those  whose  subatituentB  (E)  are 
linked  to  "neighbouring"  C-atoms  {1,  3=1,  6);  2.  those 
whose  substituents  are  linked  to  two  C-atoms  which  are 
"separated"  by  a  third  one  (1,  3=1,  5);  and  3.  those  whose 
Bubstituents  replace  "opposite"  C-atoms  (1,  4).  These  three 
varieties  of  isomers  &re  designated  shortly  as  follows  : 


iomeric  tri-  etc,  derivatives  of  benzene  ie  lilcewiae 
leadilf  explained  by  the  above  funiiula ;  wlien  the  substituents,  H, 
ate  the  soma,  the  foUoiriog  eaaea  are  possible  for  tri- derivatives : 


R 

In  tri-derivfttives  of  the  first  kind  the  three  Bubstituenta  are  linked 
to  neighboaring  or  "  vicinal "  (h]  carbon  atoms,  in  thoae  of  tie  second 
to  asymmetrically  separated  (a),  and  in  those  of  the  third  to  symmat. 
llcally  linked  (a)  C-atoma,  and  so  on. 


1.  The  0-,  TO-,  and  ^-compounds  are  characterized  by  their 
Dotie  connection  witliin  each  particular  class. 
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2.  Tlie  amido-benzoic  acid  (M.  Pt  HS°),  which  has  already 
been  mentioned  on  p.  308  as  resulting  from  the  two  nitro* 
(meta)  bromobenzoic  acids,  belongs  to  tbe  class  of  orthoc, 
compounds,  and  the  amido-benzoic  acid  (M.  Pt.  174°),  also- 
mentioned  there  as  prepared  from  the  two  nitro-  (ortho-)  OKf-' 
benzoic  acids,  to  the  class  of  meta-compounds.  Consequently' 
the  ortho-  and  the  meta-positions  are  those  which  are  found 
twice  in  the  molecule,  corresponding  to  the  notation  used  on 
p.  308  :  ub  =  of,  ac  =  ae.  Therefore  the  third  urmdo-benzrao 
acid  (M.  Pt.  187°),  which  is  isomeric  with  the  above  two 
others,  is  a  parage ompound,  as  are  likewise  all  the  bi-deriv«- 
tives  which  can  be  prepared  from  or  converted  into  it  by 
reactions  which, proceed  more  or  less  quantitatively,  {"glatt")k 
The  para- di- derivatives  are  thus  characterized  as  those,  the- 
position  of  whose  substituenta  (ad)  occurs  only  once  in  the- 
benzene  molecule. 

3.  The  (^,  m-,  and  p-compounda  allow  of  further  character, 
ization  experimentally,  apart  altogether  from  theoretical  con- 
siderations. The  para-bi-derivatives  yield  always  only  ona 
tri-derivative  when  a  third  H— atom  is  replaced  by  a  substituent, 
the  ortho-  yield  two,  while  the  meta-  yield  three  (OgHjEj  or 
CflHaE^E'). 

tThoB,  correeponding  to  one  of  the  di-bromo- benzenes,  CaHiBr^i 
(which  ia  solid,  M.  Pt.  80°),  there  is  only  one  tri-bromo-benzeiiv 
CoHjEr,  ;  corresponding  to  another  (M.  Pt.  + 1°,  B.  Pt.  224°),  them  B>r« 
two ;  and  corresponding  to  the  third  (liquid,  B.  Pt.  219°),  thret 
different  tri-bromo-benzenes  {KSmer).  The  same  holds  for  the  si:^; 
nitro-dibronio-benzenes,  CaHi,Brj(NOj).  The  first  of  the  above  dl^ 
bromo- benzenes  is  a  paca-,  tho  second  im  ort3io-,  and  the  third  a  mete 
compound.  Precisely  analogoua  relations  exist  between  the  thrM 
isoraerio  di-amido-benzenes,  C8Hj(NH5)j,  and  the  hIi  di-amido-banKii 
aoida,  CaH3(NHs)j(C0iH),  derivablo  from  them,  (Griess,  B.  7,  1223)1 
between  the  three  xylenes,  CgHj(CE3)„  and  the  six  nitro-xylene* 
(JVfl7(ra3,B.  18,2687);  and  between  the  three  phthaJio  acids,  C,H,(COaH)i 
and  the  sis  oiy-pbtbaUc  acids,  CgHjIOHHCOjHjj.  If  the  bi-derivatiw 
which  yield  a  given  eqaa,!  nnmber  of  tri-derivativeB  be  tabnlata 
together,  it  will  be  found  that  tbey  belong  in  every  case  to  one  and  tU 
same  (o-,  m-,  p-)  class,  and  are  therefore  convertible  into  one  another, 

4.  The  close  agreement  betvieeii  'liie  fetV*  woi  ^^ 
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■with  regard  to  the  exiatenco  of  iaomcric  di-  etc.  derivatives  has 
Jent  a  wonderful  chami  to  the  endeavour  to  determine  which 
«f  the  three  modea  of  linking,  1.2{  =  1.6),  1.3(^1.5)  and  1.4, 
indicates  the  ortho-,  which  the  meta-,  and  which  the  para-di- 
<lerivativeB,  ("  determination  of  position  "). 

This  point  ia,  in  the  first  instance,  easy  to  solve  in  the  caae 
of  the  para-compound  a.  The  C-atom  4  holds  a  position  of  its 
own  with  regard  to  C-atom  1,  i.e.  there  does  not  exist  a 
C-atom  which  is  linked  symmetrically  to  the  position  4,  1  j 
consequently  the  para-compound  a  are  1,  4  compounda. 

5.  Further,  it  is  seen  at  once  from  the  graphical  formula  of 
benzene  and  from  the  instances  just  to  he  given,  that  from  a 
1:4  di-derivative  only  one,  from  a  1:2  derivative  two,  and  from 
a  1;3  derivative  three  different  tri-derivatives  are  theoretically 
possible ;  should  the  third  substituent  be  different  from  the 
two  first,  these  comptmnda  will  be  all  dissimilar,  but  should 
it  not,  then  they  will  be  in  part  identical : 


B  R 

-n  0 

R     \/R     R'k    Vr 


The  para-derivativea  are  therefore  to  he  designated  as  1 :4» 
the  meta-  as  1 :  3,  and  the  ortho-  as  1 :  2  compounds,  (Kamer; 
Bee  Ladenburg's  memoir,  already  cited). 

6.  Other  argumenta,   which   partly  forestalled   KSrner's  proota  tn   i 
point  of  date,  have  led  to  the  name  teault.     [Cf.  LadeTihurg's  proof  1 
of  the  equal  value  of  the  three  hydrogen  atoraa  of  mesitylene,  already 
conjectured  by  Baeyer,  i.e.  of  the  symmetrical  nature  of  the  latter 
(  =  1:3:5),  from  whiiJi  the  poBitiou  1 ;  3  tollowa  for  mebi.-'Vjteae,  Viada. 
e«o    be  prepared  trom  it  fA.    179,   103);   Groebe's   MSamnTilta -wVStt 
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regard  to  the  constitution  1 :2  of  ordinary  phthalic  acid,  on  account  of  its 
formation  by  the  oxidation  of  naphthalene  (A.  149,  22),  etc.,  etc.] 

7.  The  determination  of  position  of  the  tri-derivatives  depends  upon 
that  of  the  di-derivatives  which  can  be  transformed  into  the  former  or 
rnce  versa.  If,  for  instance,  both  the  1 : 2  and  1 : 4  nitro-toluenes, 
CqH4(CH3)(N02),  yield  one  and  the  same  di-nitro-toluene, 
CqH3(OHs)(N02)2,  on  the  introduction  of  a  second  nitro-group,  the 
methyl  in  the  latter  will  be  in  the  ortho-position  to  one  of  the  nitro- 
groups  and  in  the  para-position  to  the  other,  and  the  compound  will 
therefore  be  a  1 : 2 : 4  or  (a)  compound. 


Special  Benzene  formulae. 

The  graphical  benzene  formula  which  has  been  employed  up 
to  now  only  disposes,  however,  of  three  of  the  affinities  of  each 
carbon  atom.  The  fourth  affinities  serve,  according  to  Kehdi^ 
to  further  link  the  three  pairs  of  C-atoms  together,  so  that 
these  are  joined  alternately  by  single  and  double  bonds,  thus  : 

H 
0 

HO       OH 

I       " 
HO       CH 

Y 

H 

This  formula  agrees  excellently  with  the  modes  of  formation 
of  benzene  and  trimethyl-benzene  from  acetylene  and  acetone 
(see  below),  with  its  relations  to  naphthalene  (p.  460),  and 
especially  with  the  capability — shown  both  by  benzene  and  by 
its  derivatives — of  forming  addition  compounds.  Combination 
with  H,  01,  etc.  thus  proceeds  here  exactly  as  in  the  case  of 
ethylene,  and  a  total  of  six  monovalent  atoms  can  be  taken  up. 

It  does  not,  however,  appear  self-evident  why  the  linking  1:2  should 
be  the  same  as  that  of  1:6,  since  the  two  neighbouring  C-atoms  are 
joined  in  the  former  case  by  a  single  bond  and  in  the  latter  by  a  double 
one,  (of.  Kekuldf  A.  162,  86).  Besides  Kekvl6^8  benzene  formula, 
many  others  have  been  proposed.  According  to  Glaus  and  KOmer 
the  C-atoma  1  and  4,  2  and  5,  and  3  and  6  may  be  linked  together  in  a 
quasi  diagonal  manner  (diagonal  ioTmwYa.  \  ^\vm  ^o«i^  Tia\.  ^-^^Xaassl  the 
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□f  three  di-derivativeg).  According  to  Dewar,  I  and  4  ore 
linked  by  a  single  band,  2  and  3,  and  5  and  S  liy  double  ones.  Accord- 
ing to  Lculeiiburg,  there  are  only  single  bonds  between  1  and  4,  2  and  6, 
and  3  ood  5  (prism  furnnulft).  The  prism  formula  has  been  gone  into 
minutely  in  variaufl  qnartors  (sea  e.g.  Ladenburg,  A.  178,  331;  also 
Inc.  cit.  I,  but  Baeyer  criticises  it  as  nob  meeting  the  ueceBaitdcH  of  the 
case  (B.  ID,  1797). 

The  mode  in  which  the  C-atoms  are  linked  by  their  fourth  affinities 
very  probably  varies  according  to  the  nature  of  the  substituting  atoniio 
groups.  The  question  of  the  couatitutiou  of  the  benzene  derivatives  as 
a  whole  DO  longer  existe  ;  the  present  task  of  investigators  Ilea  in 
endeavouring  to  explain  (he  constitution  of  the  varioos  existing  typical 
groups  from  their  principal  represeotativee.  While  benzene  itself  may 
really  perhaps  possess  the  constitution  expressed  by  KthiU's  graphical 
formnia,  qninono,  for  instance,  is  a  derivative  of  u  dihydro- benzene  of 
the  formula  : 

Ha  H, 

II      II       «        I X I 

HC  .CH  HC  /  ^CH 

Hj  H, 

Certain  terpenes  probably  poaseSB  a  "para-bond,"  i.e.  have  the 
C-atoms  1  and  4  linked  diagonally  ;  such  formnlK  would  correspond 
with  the  benzene  formula  of  Dexnar  or  with  that  of  Koratr  and  Claus. 

The  beuzene  nucleus  in  CgHg  is  designated  by  Eaeyer  as  a 
"tertiary,"  and  that  in  CflHjg,  hexamethylone,  a8a"Becondary" 
or  "  reduced  "  benzene  ring.  (See  Baeyer  on  the  constitution 
of  henzene,  A.  245,  103.) 


Laws  governing  substitution,  and  influence  of 
the  subatituents  upon  one  another. 

1.  A  polyvalent  element  never  replaces  several  hydrogen 
atoms  together  in  a  single  benzene  nucleus ;  compounds  such 
aa  GbH,=0  and  CgHg^N  are  unknown. 

2.  In  the  formation  of  di -derivatives,  several  isomers  usually 
result  eimultaneoualy,  one  of  them  generally  in  preponds rating 
Binouut.     The  position  of  the  new  snbstituen^s  ie^Tiia  my^tv 

M^t  of  those  already  present ;  tiiuB  mtro-benzeneyiAi'a  '^^'^^ 
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m-iiitro-chloro-benzene  when  chlorinated,  and  chloro-benzene 
chiefly  ^-nitro-chloro-henzene  when  nitrated.  Ab  a  general 
rule,  vrhcD  CI,  Br,  I,  NO^  and  SO^H  enter  cliloro-,  bromo-  or 
iodo-benzene,  phenol,  CgHj.OH,  aniline,  CgHj.NHg,  or  toluene, 
CflHj.CH^,  it  is  always  the  para-*ompound  which  is  produced 
in  largest  quantity,  often  together  with  the  ortho-,  but  only 
in  rare  cases  with  the  m eta-compound.  On  the  other  hand 
when  CI,  Br,  I,  NOj  and  SO3H  enter  into  a  compound  which 
already  contains  NO^-,  SOgH-,  or  CO^H-,  they  almost  always 
take  up  the  m eta-position  to  these  latter  groups. 

Throagh  the  entrance  of  (negiitive)  nitro-groupa  or  of  halogen  atonu, 
Che  acid  character  of  phenol  is  heightened,  while  the  bueic  character 
61  amido -compound B  is  either  diminished  or  entirely  done  away  with. 
The  Gmi  linking  ai  halogen  or  amidogen  in  tlie  benzene  nacieuH  is  there- 
by loosened,  so  that  these  substitnenta  become  more  easily  exchangeable, 
i,g.  tor  hydroicyi  (Of.  trinitro-chloro-benzene,  trinitro-phenol  and 
tri-nitraiiiline.) 

The  intensity  of  the  influence  in  question  h  dependeut  upon  the 
position  of  the  nowly-entering  substituBnt ;  thus  ortho-  and  para-chloro- 
(or  bromo-)  nitro-benzenes,  CsHjCltNOs),  are  transformed  into  the 
corresponding  nitro -phenol 8,  CjH4{0H)(N0a),  when  heated  with  a 
aolution  of  potash  to  120°,  and  into  the  corresponding  nitranilines, 
C^i(NHa)(NOs),  with  ammonia  at  100°,  while  meta-chloro-  (or  bromo-) 
nitro-benzene  does  not  react  nt  all.  Id  an  analogous  manner,  o-dinitro- 
benzene  exchanges  a  nitro-group  for  hydroxyl  when  boiled  with  caustic 
•oda  BOlntion,  while  the  p-  and  m-compounds  do  not. 

Further  Isomers  of  the  Benzene  derivatireB. 

1.  The  isomeriBQi  of  the  di-,  tri-,  etc.  derivatives,  "  isomerisra  of 
position  "  or  "  nucleus  isomerism,"  has  already  been  treated  of  on  pp. 
affl  etseq. 

2.  When  a  suhstituent  enters  the  benzene  nacleus  in  the  first 
instance  and  a  side  chain  (p.  325)  in  the  second,  the  so-called  "  mixed 
isomerism  "  is  the  result,  e,g.  : 

CsBfil—CB,  and  CjHs— CHjCI ;   CbHj(CHi)j  and  C«irB(CHj.CH,). 
Mono-chloro-        Benzyl  chloride.      Xylene.  Ethyl- benzene, 

toluene. 

3.  When  the  side  chains  are  isomeric,  one  speaks  of  ' '  side  cbaio 
bomeriam,"  e.g.  : 

C,H,— CH,— CHa— CHa 
Normal- 


} 
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4.  Should  tho  atomB  In  the  aiHe  chsinB  (including  those  ohaina  which 
■re  built  ap  from  0,  S,  or  M)  iie  unequally  divided,  "  n 
B  of  tlie  word  results,  e.g.  : 


SaJicylic  ethyl  ether. 


^■■'■<?b,H' 


Occmrence  of  the  Benzene  derivatives. 

Many  benzene  derivatives  occur  in  nature,  e.g.  oil  of  bitter 
almonds,  benzoic  acid  and  salicylic  acid,  while  others  resiilt 
from  the  destructive  distillation  of  organic  substances,  especially 
of  coal. 

Tho  destructive  distillation  of  coal  yields  (a)  gases  (illumi- 
Bating  gas) ;  (b)  an  aqueous  distillate  containing  ammonium 
salts  etc.  I  (e)  tar ;  and  {d)  coke. 

Coal  tar  contains : 

(o)  Fatty  hydrocarbons  in  small  amount. 

{b)  Aromatic  hydracarbonB,  the  most  important  of  whiuh  are  the 
following  : 


Benzene, .     ,     ,  CaH, 
Toluene,.     .     .  C^Hs 
0-,  m-,   and   p- 

Xylenes,    .     .  C^K,, 
Meaitylene,  .     .  C„Hj, 

Durene,     .     .  C,„H,^ 
Styrene,    .     .    C^He 
Naphthalene,    C,„H8 

Di-phenyl,      .  CiaHi„ 
Acenaphthene,  Ci^|„ 

Fluorene,    .     .  C,J{,„ 
Anthracene,     .  C^H;; 
Phenanthrene,    C,jH|„ 

as"i;.::?± 

(c)  Other  neutral  bodies,  e.g.  alcohol  (in  very  small  quantity)  and 
oarhazole,  C,jHbN. 

(d)  Phenols,  e.g.  : 

Phenol  or  oarbollo  acid,  CgHaO  ;  o-,  m-,  and  p-cresol,  CjHsO. 
(ejBuM! 

Pyridine,   ."    .*  C,*H,'n 
and  its  homoloenefl. 

Aniline,    .     ,  CjHjN 
Qninoline,     .  C,HjN 
and  ita  homologuea. 

Acridine,  ,     .  CijU^ 

(See  Sdttlili,  "  Chemie  des  Steinkoblentheera,  '  Braunschweig,  18GC. 
The  preseuoi  of  the  hydrocarbons  C^ftf,,  C-S.^,  ^^vi 
mdjt-X  and  CgS^^  (s-  and  a-),  or  at  least  ol  xJoKa  Vjis^y 
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compounds,  has  recently  been  proved  in  most  natural 
petroleums,  American  petroleum  containing,  for  inatance,  0.2 
p.c.  CjHi^  (cf.  p.  53 ;  also  A.  234,  89  etc). 

Modes  of  tbnnation  of  Benzene  derivatives. 

The  benzene  derivativea  can  only  be  produced  from  the 
fatty  compounds  by  a  relatively  small  number  of  reactions. 

1.  Many  methane  derivatives,  e.g.  alcohol,  yield  &  mixture 
containing  a  large  number  of  the  derivatives  of  benzene  when 
their  vapours  are  led  through  red-hot  tubes.  Acetylene,  CgH^ 
polymerizes  at  a  low  red  heat  to  benzene,  C^Hy,  (Bertkdut)  : 


my       ^CH 

HC^  .CH 


In  an  analogous  maEner  allylene,  C3H,,  =  CH,— C=CH, 
yields  mcsityleue,  CgHig,  =  1:3:5  tri-methyl-benzene, 
CBHg(CHg)g,  when  distilled  with  dilute  sulphuric  acid,  while 
its  homologue  crotonylene,  C^Hj,  yields  hexa-methyl-benzene, 
Ci^Hig,  =  Cfl(CHB)fl ;  brom-acetylene  and  iod-acetylene  poly- 
merize to  tri-bromo-  and  tri-iodo-benzene  when  exposed  to 
light ;  propargylic  acid,  CgHjOj,  polymerizes  to  trimesio  acid, 
C^HBOg,  and  so  on. 

2.  Ketones  condense  to  benzene  hydrocarbons  (p.  142)  when 
distilled  with  dilute  sulphuric  acid,  e.g.  acetone  yields  mesity- 
leno  {Kane,  1838),  and  methyl-ethyl-ketone  tri-ethyl-benzene, 
etc.  1 

CH,  CH, 

K  A 

(H,)CH  CH(H},  yield  ^C  CH 

I  '  I' 

CH,-C(0)  C(0)— CH,  CH,-C  C-CHj 

(H,)CBf  H 

3inoiB.  Acetone.  "\&<*\i,'j\Hme,. 
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.  Hexyl   iodide,   C,H,gI,   is  convertad   iota    hexa-chloro-beDzeDe, 
I  CgCls  by  beating  it  with  IClj.  and  into  hexoibromo-beuzene,  CgBr^,  by 
I   bromine  at  260° ;  the  latter  compound  eAii  also  be  obtained  by  heating 
CfBr,  to  300°. 

i.  By  acting  with  Bodiam  npon  succino-di -ethyl  ether  (Herrmann, 
A.  ail,  306  ;  B.  le,  1411),  or  upon  bra m-aceto- acetic  ether  (BuUberg), 
we  obtain  the  ao-called  "  succlno- succinic  ether"  (p.  430),  which  ia  a 
"  diketo-hexaniethjlene-dicarboxyliu  ether,"  uiid  is  bUsily  convertible 
into  dioiy-terephthBlic  ether  and  hydroquinono  : 

•KO^CO  CO 

(COjR)— HCiH         ;         CH,  =  (CO,R)— HC  CH, 

'■HiCH--(COjR)'^  bJ)  CH-(COjR) 


V 


CO 


OE 


2  mob.  Snocino-dl-ethyl  ether.  Succino-si 

•R  =  C^a. 
.  When   sodio-malonic-ethor,    CHNa(COjIt)j,    is   heated,  there 
lormed  Fhl(ir<%lnclii-tricar1]oxyllc  etlier,  =  trihcto-hexametbylene-t 
ouboiylio  ether,  (Baeyer,  B.  18,  3454),  which  goes  into  phlocogluc 
n  Baponification,  the  carboiyl  groups  being  broken  ap,  thus  : 


Lffi'.OC 


CHiKa 


(00,R)— HiNaiC  CNa.H— (CO,R) 
\.  i 


Jh 

OCT  00 

I  I  +  SRONo. 

(CO^)— HC  CH-(COaR) 

6.  Trimesio  ether  (B.  SO,  2930)  rsBults  from  the  condenaation  of  3 
BdIb.  fonnyl-acetio  ether,  CHO — (JH, — COjR,  and  tri-acetyl-benaene, 
'C,Hj(CO.OHj)»,  iu  an  analogoaa  manner  from  aceto-aasAw;  tXieVj&a, 
CH,_a9— Ctfj— CHO,  (R  ai,  ilj.l). 
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The  reactions  just  detailed  under  2,  5  and  6  depend  upon 
the  formation  of  a  benzene  nucleus  out  of  three  atomic  groups 
— CO— CHg — ,  with  elimination  of  3  mols.  HgO. 

7.  Mellitic  add,  C^^COaH)^,  is  produced  by  the  oxidation  of  graphite 
or  lignite  by  means  of  KMn04. 

8.  PotasHiTiin  carboxlde,  which  is  formed  by  the  action  of  carbonic 
oxide  upon  potassium,  is  the  potassium  compound  of  hex-oxy-benzene, 
Ce(OH)e,  (see  p.  392). 

9.  Di-acetyl,  CHj— CO— CO— CHg,  goes  into  Xylo-quinone  (p.  394) 
under  the  influence  of  alkalies,  (B.  21,  1411.) 


The  converse  transformation  of  Benzene  derivatives 

into  Fatty  compounds. 

1.  When  the  vapour  of  benzene  is  passed  through  a  red-hot 
tube,  it  is  partially  decomposed  into  acetylene. 

2.  Benzene  is  oxidized  by  chloric  acid  to  '*  Trichloro-phenO' 
malic  acid,  i.e,  ^-trichlor-aceto-acrylic  acid,  CCI3.CO.CH: 
CH.CO2H,  (KeJcuU  and  StrecJcer,  A.  223,  170). 

When  chlorine  is  allowed  to  act  upon  phenol  in  alkaline  solutioDa 
the  benzene  ring  is  broken,  and  the  acids,  CgH5Cl804,  C8H5CIO4,  etc.. 
are  produced,  [Bantzschf  B.  20,  2780) ;  bromine,  acting  upon  bromauilic 
acid,  yields  perbromo-acetone,  CBrg — CO — CBrg. 

3.  Nitrous  acid  (NgO^)  converts  pyro-catechin  etc.  intc 
dioxy-tartaric  acid. 

4.  Oxidizing  agents  which  are  capable  of  destroying  th^ 
benzene  ring  yield  carbonic,  formic  and  acetic  acids. 

5.  Hexa-hydro-benzene  is  transformed  into  hydrocarbons  c= 
the  methane  series  when  treated  with  hydriodic  acid  at  28CZ 
(Berthelot),  This  decomposition  appears,  however,  to  be  vei^r 
difficult  of  accomplishment. 


B£NZEN£  EYDROOAKBONS. 


rvn.  BENZENE  HTDROOARBONS. 
A.  Saturated  Hydrocarbons. 


[ ]  =  M.  Pt. ;  ( )  = 


c^ 

C,Hb,  Benzene  (SO'S"). 

CVH» 

C,H,(CE3),  Toluene  (lir). 

<;h,„ 

C,H,(CH3)„  Xylenes  (3) 

CjH.(CHa.CH3),  Ethyl- benzene 

D-  =  (142°);m-  =  (l37'');p-  =  (137° 

(lan 

w, 

C,H3(CH,), 

C,H,(CH3)(CH,) 

CbH„(C,H,1 

Trimethyl-beozenea  (3). 

Melhyl-Gthyl- 

Propyl-beDZ«neB 

s=Me8itylene(ie3°). 

beuzeneB (3} 

1.  Normd-propyl- 

a  =  Peeudo-cumene  (169°) 

{eg.  182°). 

(157') 

2,  lao-propyl- 
(  =  Ciimeiie)(153°). 

c,^. 

C,H,(CHj), 

C,H3(CH3),(CjH,) 

CaH,(C,H,), 

esH,(C,B,) 

Tetra-methyl- 

Dimathyl- ethyl- 

Diethyl-boDZenes 

Butyl- 

benienesO): 

benzenes 

(3). 

benzBoea 

»=Dnrene 

(6  iflomers 

C,H,[CH„)(C,H,) 

[4  possible) 

[79°]  (ISO"). 

poaBible). 

Cymene 

(167°-180°). 

l-^Iao-durene 

(176°)  (6  iaomera 

(196"). 

poasible). 

[-4T(2W). 

C.,TT„ 

CbH(CHs)j,  Panta-methyl-benzene,  [5 
C.H,(C,Hu),  Amyi-benMiHC, 

■5''](231°)i 

to. 

C,.H,„ 

CB(CH,)a,  HexB-methyl-benzene,  [164°]  (263°) ; 

C,H,(C,H,)3,  Tri-ethyl-beiizene,  etc. 

CmH« 

C„H,(C8H„),  Octyl-benzene,  etc. 

(i(C,Hi),.  Hex-ethyl- 
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The  benzene  hydrocarbons  are  for  the  most  part  coloarlesa 
liqoidB  insoluble  in  water  but  readily  soluble  in  alcohol  and 
ether,  which  distil  without  decomposition;  (durene,  and 
penta-  and  hexamethyl-benzenea  are  crystalline).  They 
possess  a  peculiar  and  sometimaa  pleasant  ethereal  odour,  and 
bum  with  a  very  smoky  flame.  In  addition  to  benzene  itself, 
the  presence  has  been  proved  in  petroleum  of  its  methyl 
derivative  toluene,  the  three  xylenes,  the  three  tri-methyl- 
benaenes  and  durene. 

Modes  of  formatiim.  1.  By  treating  a  mixture  of  brominated 
hydrocarbon  and  iodo-  (or  bromo-)  alkyi  with  sodium  in  ethereal 
solution,  {the  FUtig  reaction,  A.  131,  303,  analogous  to  the 
Wwrlz  reaction,  p.  38) : 

CeH^Br  +  CH^I  +2Na  =  CflHj.CHj,  +NaI  +  NaBr; 
OBH4Br(C2Hs)  +  CsHjI  +  2Na  =  C6H,(C3Hs}a  +  Nal  +  NaEr ; 
■0,H,Br(CH3)  +C3HjI  +  2Na  =  CeH/C^HjKCHg)   +Nal4-Ni 

3.  By  the  action  of  methyl  chloride  upon  benzene  or  its 
homologues  in  presence  of  aluminium  chloride,  {Gustavson,  the  * 
Bo-called  "  Friedel  and  Crafk"  reaction) : 

CgH^  +  CHgCI     =   OeH^CHg      +  Ha 
CgHa  +  2CHgCl   -   G^'B^{CBs\  +  2HC1,  etc. 

This  reaction  is,  like  the  preceding  one,  capable  of  very  wide^ 
application ;  by  means  of  it  all  the  hydrogen  atoms  in  benzena^ 
can  be  gradually  replaced  by  methyl. 

Ziao  and  ferric  ohlorides  act  in  the  uuna  way  as  chloride  of  alum 

inimn,  while  ethyl  chloride  and  other  haloid  campoiindB,  such  o^^ 
chloroform  and  acid  chloridea,  may  roplaco  methyl  ohioride.  (See^^ 
reapectivaly  triphenyl-methaDB  and  the  ketones  ;  cf  also  B.  14,  2624  ^ 
B.  16,  1745 ;  Ann.  de  chim.  et  phya.  [6]  l,  419.) 

In  a:dditio[i  to  this  synthetical  action,  aluiniainm  chloride  also 
■  "breaking  up"  or  differentiating  action  on  the  homologues  of  ~ 
t.g.  it  partly  tronsforma  toluene  into  benzene  ajid  xylene,  urn 
(B.  17,  2816  ;  IB,  338  and  657).      Related  to  the  IMedel-Orafta 
ia  the  Ziitcke  reaction  with  zinc  dast,  (see  diphenyl -methane). 
AIcoIiuIb  alao,  like  their  haloid  ethers,  are  capable  of  reacting  ii 
otZnCl^: 
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3.  The  benzene  hydrocarbons  result  from  their  respective 
rboxylic  acids  by  the  splitting  off  of  the  carboxyl,  e.g.,  by 

^stillatioa  with  sodn-lime : 

CACO^H  =  CgHg  +  COa; 
CoH,(CH3)C03H  =  CgHs.CH^  +  00^. 

4.  From  sulphonic  acids  (p.  37i)  by  the  separation  of  the 
BO3H -group : 

C6H3{CH3}gSOsH  +  HjO  =  C^nj^GB.^)^  +  H^SO^. 

This  reactian  can  be  eflected  by  dry  distil lation,  by  heating  witli 

ooncBntrated  hydrochloric  acid  to  180°,  by  distillation  of  the  ttnimoniam 

It  (Care),  or  by  treatment  with  superheated  steam,  e.g.,  in  presence 

some  concentra.ted  sulphuric  acirl,  {Armatrong,  Kelbe.) 

5.  From  the  amido-compounds  by  transforming  these  into 
diazo- com  pounds  (p.  360),  and  boiling  the  latter  with  absolute 
alcohol  or  with  stannous  chloride. 

By  distillation  of  the  pheuola  (or  ketonei)  with  zinc  dust. 
For  syntliesiB,  see  above.     The  method  of  synthesis  for  paraffins, 
which  was  mentioned  on  p.   39,  is   also  occasionally  applicable  (see 
propyl  -beDMne) . 

Isomers  and  Cmalitution.  The  table  given  on  p.  323  shows 
Uiat  the  benzene  hydrocarbons,  from  CgHj^  on,  exist  in  many 
isomeric  modifications;  thns,  isomeric  with  the  three  xylenes 
we  have  ethyl-benzene,  with  the  three  tri-methyl-henzenea 
Uie  three  m  ethyl-ethyl-ben  zenos  and  the  two  propyl-benzenes, 
with  durene,  cymene,  and  so  on. 

The  amslituiion  of  these  hydrocarbons  follows  very  simply 
Dm  their  modes  of  formation.  A  hydrocarbon  0,^11^4  for 
instance,  which  is  obtained  by  means  of  CH^Cl  by  the  Friedel' 
Crafts  reaction,  can  only  be  a  tetra-methyl-henzene ;  another 
of  the  same  empirical  formula  Cj^Hj^,  which  has  been  prepared 
from  bromo-benzene,  butyl  bromide  and  sodium,  must  be  a 
bntyl-benzene ;  while  a  third,  from  ^-bromo-toluene,  normal 
propyl  iodide  and  sodium,  must  be  a  ^-propyl-tohiene 
(p-metbyl-N-propyl-benzene),  etc.  The  synthesis  therefore 
determines  the  constitution. 

The  {carbon  containing)  groups  Cllj,  C^j,,  ^la,,  -w^a^ 

(Jacfl  bydrogBQ  in  beazene,  are  termed,  "altVe  g\vsqwb^' 
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According  to  the  number  of  side  chains  it  contains,  a- 
benzene  hydrocarbon  is  converted  by  oxidation  into  a  benzene- 
mono-,  di-  or  tri-,  etc.,  carboxylic  acid,  e.g.  benzoic  acid, 
C„H5.C02H,  0-,  wr,  ;^phthaIic  acid,  C6H4(C02H)2,  etc.  In  this 
way  a  further  means  ia  afforded  of  determining  the  constitu- 
tion of  the  compounds  in  question. 

If,  for  exampla,  a  hydrocarban  CgH,;  yielila  a  bBHicnB-tri-carboxylte 
acid,  CaHjICOjHJa,  npon  osidatioQ,  it  must  contain  three  side  chain*, 
i.e.,  muBt  be  a  tri-metbyl-benzeoe  ;  slionld  a,  pbthalic  acid  on  the  other 
hand  result,  then  it  can  only  be  an  ethyl- toluene.  Since  cymene  yieldi 
p-  (or  tere-]  phthalic  acid,  CeH,(p02H)„  in  oxidation,  its  two  Bide  chains 
most  be  in  the  p-position  towards  one  another. 

The  respective  isomers  resemble  each  other  closely  ia 
physical  properties,  their  boiling  points — for  example— lying 
very  near  together.  The  ortho-derivatives  often  boil  at  about- 
5°  and  the  meta-  at  about  1°  higher  than  the  para-compounds 
the  boiling  point  rises  with  an  increasing  number  of  methyl 
groups,  (cf.  p.  26). 

Behamow.  1.  The  benzene  hydrocarbons  are  as  a  rule  easily 
nitrated  and  sulphurated,  mono-,  di-  and  even  tri-derivativea 
being  all  usually  capable  of  preparation,  according  to  the 
conditions.  It  is  only  tlie  H-atoms  of  the  benzene  nucleus 
which  enter  into  reaction  here,  in  accordance  with  the  theory 
which  regards  the  side  chains  as  paraffinic  residues,  as  which.' 
they  behave.  Hexa-methyl-benzene  can  thus  neither  be 
nitrated  nor  sulphurated. 

2.  Oxidation.  Benzene  can  only  be  oxidized  with  difficulty 
permanganate  of  potash  converts  it  slowly  into  formic  and 
oxalic  acids,  some  benzoic  acid  and  phthalic  acid  being  produced 
at  the  same  time.  These  doubtless  result  from  some  previously 
formed  diphenyl. 

The  homologuBs  of  benzene,  on  the  other  hand,  are  readily 
oxidized  to  carboxylic  acids,  the  benzene  nucleus  remaining 
unaltered,  and  each  side  chain — no  matter  how  many  carbon' 
atoms  it  may  contain — being  converted  as  a  rule  into  carhoxyL 

Nitric  acid  allows  of  a  successive  and  often  a  partial  oxidation  of 
individaa}  side  chains ;  chromic  acid  taixtare  (.KJ^Jr^O,  +  H^O,)  aoti 
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oamptmuds  into  carboxyl,  and  completely  deetroying  the  o-compcmnds. 
The  latter  may  be  oxidized  to  benzeue- car  boxy  Lie  acida  by  KMiiO^  in 
the  cold. 

Aa  IB  maciftifit  from  those  two  pointa,  the  homnlagnca  oE  benzene 
differ  aomewliat  materially  from  benzene  itself ;  the  H-atoma  of  the 
dde  chaina  ahow  a  different  function  to  those  of  the  heczene  nuclens, 
tiie  former  beha.ving  like  the  hydrogen  atoms  in  a  para,fiin.  It  thna 
follows  bh&t  toluene  and  the  higher  bomolognBa  may  he  derived  from 
methane  etc  hy  replacement  of  H  by  GgHg,  "phenyl,"  etc. 

Tolnsne  or  phenyl -methane.  Cumene  or  phenyl -propane. 

3.  Keducfcion.  As  mentioned  on  p.  313,  benzene  and  most 
of  its  derivatives  are  capable  of  taking  up  six  atoms  of 
hydrogen.  Benzene  itself  is  only  converted  into  hexa- 
hydro-benzene,  CgH^j,  with  difficulty,  but  toluene,  xylene 
and  mesitylene  combine  with  hydrogen  more  easily,  when 
they  are  heated  with  phosphonium  iodide,  PH4I,  to  a  rather 
high  temperature,  the  compounds  CjHg.Hj,  CaH,(|.H,  and 
CgHjg.Hg  being  formed.  The  two  former  can  then  be  made 
to  take  up  more  hydrogen  by  energetic  reaction. 

Beniena  hydride  and  ita  analognea  are  colonrless  liquids  inaolnble  in 
water  and  of  somewhat  lower  boiling  point  than  their  mother  com- 
ponnda,  into  which  they  can  he  readily  retranaformed  by  oxidation, 
either  by  heating  with  aulphur  or  by  meana  of  fuming  nitric  acid, 
nitration  also  taking  place  in  the  latter  case.  They  are  identical  with 
the  "  naphthenes  "  found  in  certain  varieties  of  petroleum. 

i.  Behaviour  with  halogens.  Chlorine  and  bromine  react 
differently,  according  to  the  conditions.  In  direct  sunlight 
tiiey  yield  with  benzene  the  addition-products  CgHgCl,,  and 
■CgHgBrfl,  while  in  diffused  daylight,  especially  in  presence  of 
i.a  little  iodine,  ShClg  or  MoClj,  they  give  rise  to  the  substitu- 
tion products  CgHjCl,  CgHjBr,  etc.  (For  further  details  see 
pp.  fil  and  334.)  Those  hydrocarbons  which  do  not  contain 
■their  full  complement  of  hydrogen  behave  exactly  hke  un- 
iMturated  hydrocarbons,  in  so  far  that  they  are  capable  of 
taking  up  bromine  until  the  point  of  saturation,  C„Xj„,  is 
reached,  (B.  21,  836). 

5.  Chromium  oxychloride,  CrOgClj,  converts  Uvb  \ieni«tt6  NqitiK.'M;- 
Into  drowstie  aidebydea,  (p.  398). 
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The  numerous  '  condensations '  which  benzene  can  undergo 
with  oxygenated  compounds  in  presence  of  ZnClg,  ^2^5  ^^ 
H2SO4,  and  with  chlorinated  compounds  in  presence  of  AlgClg, 
are  of  great  interest;  thus  benzene  yields  diphenyl-ethane  with 
aldehyde  and  sulphuric  acid,  and  benzophenone  with  benzoic 
acid  and  phosphorus  pentoxide. 


The  Hydrocarbon  CgH^. 

Benzene,  CgHg.  Discovered  by  Faraday  in  1825,  and 
detected  in  coal  tar  by  Hofmann  in  1845.  Benzene  is  obtained 
from  the  portion  of  coal  tar  which  boils  at  80-85°,  by  firaction- 
ating  or  freezing.  It  may  be  prepared  chemically  pure  by 
distilling  a  mixture  of  benzoic  acid  and  lime.  The  ordinary 
benzene  of  commerce  usually  contains  thiophene  and  thus 
gives  the  indophenin  reaction,  but  it  may  be  freed  from  it  by 
repeated  shaking  up  with  small  quantities  of  sulphuric  acid. 
M.  Pt.  4" ;  B.  Pt.  80.5° ;  Sp.  Gr.  at  0\  0.9.  It  bums  with 
a  luminous  smoky  flame  and  is  a  good  solvent  for  resins,  fats, 
iodine,  sulphur,  phosphorus,  etc.  When  its  vapour  is  led 
through  a  red-hot  tube,  diphenyl  is  obtained. 

Benzene  hexa-hydride,  C8H8.He.    B.  Pt.  69°.    Sp.  Gr.  at  0%  0.76. 

Benzene  heza-cUoride,  CqHqCIqj  is  produced  by  the  action  of  excess 
of  chlorine  on  benzene  in  sunlight.  It  is  a  solid  mass,  which  is  broken 
up  into  tri-chloro-benzene  and  hydrochloric  acid  on  distillation,  or  when 
treated  with  alkalies. 

Benzexie  heza-bromlde,  CqB^Bt^    M.  Pt  212". 

The  Hydrocarbon  C^Hg. 

Toluene,  C^Hg,  =  CgHg.CHg.  Discovered  in  1837.  Fc/r- 
mation :  by  the  dry  distillation  of  balsam  of  Tolu  and  of  many 
resins.  Synthesis  according  to  Fittig  (see  above).  Prepara- 
tion :  from  coal  tar,  in  which  it  is  found  accompanied  by  thio- 
tolene.  Toluene  is  very  similar  to  benzene.  It  boils  at  110°, 
and  18  still  liquid  at  — 28**.  CrO^Cl^  converts  it  into  benzoic 
aldehyde,  and  HNOg  or  CtO^  m\iO  \ieii7.o\a  ^\^ 
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le  dl-la-artde,  CBH,(Ha).CH»  and-hcia-hyilriile,  C8H,(H,).CH„ 
•re  liqoulH  boiling  respectively  at  105- 108°  and  07% 


HyiirocaThons,  CgHj,,, 

(a)  0-,  m-,  atLd^'Di-niBthyMienzeiiea  or  XyleneB,  C^^^lCB-i)^. 
The  xylene  of  coal  tar  consists  of  a  mixture  of  tlie  three 
iBomers,  m-xylene  being  present  to  the  extent  of  70  to  85  p.c. 
These  cannot  be  separated  from  one  another  by  fractional  dis- 
tillation, wt-xylene  is  more  slowly  oxidized  by  dilute  nitric 
«cid  than  its  iaomBre  and  can  thus  be  obtained  with  relative 
ease. 

For  the  Beparation  of  thoee  iitomerB  by  raeonfl  of  EgSOj,  see  B.  lO, 
1010,  14,  2e25;  17,  444;  and  for  their  reeogiiition  see  B.  IB,  2513. 
Benzene  and  toluene  yield  chiefly  ortho-,  together  with  a  little  p.ira- 
xylene,  wlien  subjected  to  the  Medel-Ora/la  eyntheBia,  (B.  14,  2627). 

1.  o-Xylene,  which  can  be  prepared  synthetically  from  o-bronio- 
toluene,  methyl  Iodide  and  Bodiiim,  is  oxidized  to  carbonic  acid  by  the 
chromic  acid  mixture,  and  to  o-toluic  acid,  CgHi(CHj)CO]H,  by  dilute 
nitric  acid  ;  it  is  difScult  to  nitrate. 

2.  m-Xylene  or  Iso-xylene  also  results  from  meaitylene, 
CflHjfCH^)^,  I  ;  3  :  5,  when  thia  is  first  oxidized  to  mesitylenic 
acid,  CuH3(CH5)jC02H,  and  tlie  latter  then  distilled  with  lime. 
Dilute  nitric  acid  onl.v  oxidizes  it  at  a  temperature  of  120°, 
while  chromic  acid  mixture  converts  it  into  iso-phthaiio  acid, 
C(H,(CO„H)j.  It  yields  a  Tetra-  and  Eexa-hydride,  CgHj^.H^ 
and  CgHiVHc- 

3.  ji-Xylene.  Is  prepared  e.g.  from  p-hromo -toluene  or,  better, 
p-dibromo-beDzene,  methyl  iodide  and  eodium,  (B.  lO,  l3liG;  B.  17, 
444.)  M.  Ft.  15°.  Dilute  nitric  acid  oxidizes  it  to  ji-tolaic  acid, 
C,Hj(CH3)C0^,  and  tarophthalic  acid,  C8H,(C0,H)a. 

(6)  Ethylbeniene,  CsHj-CaHj.  Resulta  from  CnHjBr  and  CjHoBr 
hy  the  Fittig  reaction,  from  atyrene,  CaH^^CjHs,  and  HI,  and  from 
C)H,  and  C,H,C1  by  the  Friedel-C'ra/ts  reaction.     Is  oxidized  to  benzoic 


Eydrocarlons,  CgHij,  (see  table). 
The  most  important  of  these  are  ; 
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(a)  Tri-methyl-benzenea. 

1.  Mesitylene,  1:3:  b-tri-methyl-hensene,  C^^{CS.^\.  This 
is  contained  in  coal  tar  along  with  its  two  other  isomeric  tri- 
methyl-benzenes  {"  tar-cumene  " ),  and  can  be  prepared  from 
acetone  or  allylene  (p.  320).  It  is  a  liquid  of  agreeable  odour. 
Nitric  Eteid  oxidizes  the  aide  chains  one  by  one,  while  chromic 
acid  mixture  decomposes  it  completely.  It  does  not  form  any 
isomeric  subBtitution  products  and  has  therefore  a  symmetrical 
constitution.  {Ladenhurg,  A.  179,  160.) 

MBBltyleiw  hsm-liydride,  CsHij.Hj,  boila  at  138°. 

2.  Paeudo-CTUBone,  'i-.Z-.i-tri-metkyl-brnize/nf..  Present  in  ooal  tar.  It 
fs  BcpartLttii!  from  mesitylene,  not  by  fractional  distillation,  but  b; 
taking  advontftge  of  the  sparing  solubility  of  pBGudo-cumene-anlpliaiuc 
Bcid,  (B.  8,  253).  Ita  constitution  followa  from  its  formatioa  from 
bromo-p -xylene,  1:4:2,  and  alao  from  bromo-m-xylene,  1:3:4,  by  the  « 
FiUig  reaction.     Nitric  acid  oxidizea  the  side  chains  successively. 

3.  Hememtbene,  X-.l-.^-iri-methyl-be.'ozene,  (seeB.  IS,  IS53).     Present  -^ 
in  coal  tar,  (B.  ao,  903). 

(b)  Bthyl-tatusnes,  CeE,(CHg)(CsB:,).     The  m-  and  p^compounds  are  ■: 

(c)  Fropyl-benzenea,  CgHj — OgHj.     These  are  oxidized  to-* 
benzoic  acid. 

1.  K-Propyl-benzene,  CjHj— CHj — CH, — CH,,  results  from  bromo — 
benzene  and  noi-mal  propyl  iodide  by  the  Fitlig  reaction,  and  also  fi 
hen/yl  chloride,  CaHs.CHjCl,  and  zinc  ethyl 

3.  Iso-propyl-benzene  or  Cnmene,  CgH^ — CH=(CH3)j,  ia^  3 
produced  by  the  distillation  of  cumic  acid,  C^^i,Q^){QO^)^  ■<! 
with  lime  ;  from  benzene  and  iso-  or  normal  propyl  iodide  I 
means  of  Al^Cl^,  in  the  latter  case  with  molecular  rearrange—* 
ment  (p.  66) ;  and  from  benKylidine  chloride,  C^Hj — 0H(J1^  ^ 
and  zinc  methyl,  this  last  method  furnishing  proof  of  ita  con-  ~^ 
Stitution. 

For  the  transformation  of  the  normal-  into  the  iso^propyl  group  i^E^ 
onmene  and  cymene  derivativea,  see  B.  18,  Bef.  162. 

Hydrocarbons,  C,aH„.     (See  table.) 
Amoag  these  may  be  mentioneA. 
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Dnrene,  1:2:4:5-  or  s-tdra-methyl-beTi^ene,  OgHg{CHj)^  which 
has  recGiitly  been  found  in  coal  ta,r  and  can  he  prepared  from 
toluene  and  methyl  chloride  by  the  Friedel-Crafts  reaction,  or 
fiom  dibromo-m-xylene  (from  coal  tar  xylene),  methyl  iodide 
and  sodium,  (A.  Sil6,  200).  It  is  a  solid,  M.  Pt.  79°,  and 
possesses  a  camphor-like  odour.  For  its  constitution,  aee  B. 
11,  31.     Both  of  its  isomers  are  known  (see  table), 

Methyl'propyl-henzeneB,  G^J^C&^C^,,.  The  most  impor- 
tant of  these  is  cymene  ot p-methyl-N^(rpyl-heneene,  It  is  found 
in  Roman  cummin  oil  (Cuminum  cyminum),  and  results  upon 
heating  camphor  with  P^Sj  or,  better,  PuOj,  also  by  heating 
oil  of  turpentine  with  iodine,  etc.  It  has  been  synthetically 
huilt  up  from  p-bromo-toluene,  N-propyl  iodide  and  sodium. 
It  is  a  hquid  of  agreeable  odour,  and  yields  either  /j-toluic, 
terephthalic  or  cumic  acid  upon  oxidation,  according  to  the 
conditions. 


EydTocarban,  Cj^Hig. 

Hsza.metlkTl-beniene,  mellitem,  Cg(CH3)„  crystallizes  in  prisniB  ot 
plates  which  melt  at  16!)°.  It  can  neither  be  eulphurutcd  nor  nitrated, 
{see  p.  329).     KMnOj  oxidizes  it  to  mellitio  acid,  C8(C0,H)a. 

For  the  higher  homologues  see  table,  p,  323. 

B.  Unsaturated  Benzene  hydrocarbona 

The  benzene  hydrocarbona  containing  less  hydrogen  comport 
themselvea  on  the  one  hand  like  benzene  itself,  and  on  the 
Other  hke  the  nnsaturated  hydrocarbons  of  the  fatty  series, 
combining  readily  with  hydrogen,  halogen,  halogen  hydride, 
etc.  They  are  derived  from  the  olefinea  or  acetylenes  by  the 
exchange  of  H  for  CgHj,  thus :  (C6H5)CH=CH5,  atyrene  or 
phenyl-ethylene ;  {CfB.^)C=C'ii,  phenyl-acetylene. 

Btyrane,  C(H5.CH=CHj,  occurs  along  with  other  componnds  in 
■torBiX  (styrax  officina.liB],  aod  in  the  juice  of  the  bark  of  Li(^uida.tnh^c 
orientale.     It  resnlta  upoa  beating  cinnamic  acid  (,p.  4V1'^  'm'Ca  -v^^^t  ^ 
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C,H,— CH=CH— CO^   =  C^5— CH=CH4  +  CO,. 

For  its  preparation  see  A.  195, 131.  Styrene  is  a  liqiiid  like  benzene 
and  of  agreeable  odour.  K  Pt.  146*.  It  changes  on  keeidng  into  the 
polymeric  meta-styrene,  an  amorpbons  transparent  mass,  and  goes  into 
ethyl-benzene  when  heated  with  hydriodic  acid.  Additi<m  of  HBr 
converts  it  into  a-bromo-ethyl-bensene^  ^t^s — CKf — CH,^. 

Fbenyl-acetylene,  C^H^C^CH,  is  produeed  e.^.  by  the  separation  of 
CO,  from  phenyl-propiolic  acid  (p.  419) : 

CeHj-iSC— COja   =   CJEg-C^!CH  +  CX}^- 

It  is  a  pleasant  smelling  liquid  boiling  at  139*,  and  gives  proof  of  its 
being  an  acetylene  derivatiye  by  yielding  white  and  pale  yellow 
explosive  metallic  compounds  with  solutions  of  silver  and  caproos 
oxides.  It  combines  with  water  to  aoeto-j^enone,  CsH^.CO.CHs,  when 
it  is  dissolved  in  snlphnric  acid  and  the  solution  is  diluted  with  water. 
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Summary. 


The  numbers  in  the  square  brackets  [...]  indicate  melting,  and  those  in 

the  round  ones  (...)  boiling  points. 


CfiHgCl 

CeHjBr 

CJE1.1 

Chloro-benzene  (133°). 

Bromo-benzene  (154°). 

lodo-benzene  (185°). 

C0H4CI3 

CgH^Bra 

C,HJ, 

Di-chloro-benzenes 

Di-bromo-benzenes 

Di-iodo-benzenes 

0- :  (179°) ;  m- :  (172°) ; 

0-  :  (224°) ;  m- :  (219°) ; 

{e.g.,  285°). 

p- :  [56°],  (173°). 

p-  :  [89°],  (219°). 

CgHoCU,  (3] 

1,  Tri-chloro-benzenes  (20 

8°  to  218*). 

C6H2GI4,  (3),  Tetra-chloro-benzenes. 
CgHClg,  (1),  Penta-chloro-benzene. 
CgCle,       (1),  Hexa-chloro-benzene  [226°],  (332°). 


CeH^CUCHs) 

CeHg— CHjCl 

(3)  Chloro- toluenes  (156°-160°). 

Benzyl  chloride  (179°). 

CgH5Cl2(CH3) 

CgHg — CHClj 

(6)  Di-chloro-toluenes  (e.g,,  196°). 

Benzal  chloride  (206°). 

etc. 

CgHg — CCI3 

Beuzo-tri-chloride  (21.3°). 

CgH8Cl(CH3)2,  (6)  Chloro-xylenes. 

CeH4(CH3)(CH2Cl),  Xylyl  chlorides 

OflH4(CHjBr^a,  (^)  Xy\7\esi«^\Kwo:\^ft^,  ^X^,^ 
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Haloid  subatitiition  products  in  immense  number  are  derived 
from  the  benzene  hydrocarbons  by  the  exchange  of  hydrogen 
for  halogen.  They  are  either  colourless  mobile  liquids  or 
crystalline  solids,  insoluble  in  water  but  readily  soluble  in 
alcohol  and  ether,  which  distil  unchanged,  and  are  distinguished 
by  their  peculiar  odour  and  also,  in  part,  by  their  irritant 
action  upon  the  mucous  membrane.  They  are  heavier  than 
water. 

The  substitution  products  of  benzene  itself  and  those  of  its 
homologues  have  to  be  distinguished  from  one  another.  In 
the  former  the  halogen  ia  bound  very  firmly,  far  more  so  than 
in  methyl  chloride,  ethyl  iodide,  etc. ;  it  cannot  be  exchanged 
for  OH  (through  AgOH),  or  for  NH^  (through  NHg),  etc., 
sodium  almost  alone  being  capable  of  bringing  it  into  reaction, 
(see  the  Filliff  reaction,  p.  334). 

The  substitution  products  of  toluene,  etc.,  on  the  other 
hand,  do  not  all  show  a  similar  behaviour.  Some  of  them, 
e.g.,  chloro- toluene,  contain  the  halogen  bound  very  fast,  while 
in  others  of  them,  e.g.,  benzyl  chloride,  the  halogen  atoms 
enter  into  reaction  as  readily  as  do  those  of  the  haloid  sub- 
stitution products  of  the  methane  series.  After  oxidation, 
which  transforms  all  the  side  chains  into  carboxyl  (p.  326), 
the  halogen  remains  in  the  former  compounds,  with  formation 
of  chlorinated,  etc.,  benzoic  acids,  e.g.,  C^HjC! — COjH,  but  it 
is  eliminated  in  the  latter,  benzyl  chloride  e.g.  giving  benzoic 
acid,  CgHj — COjH.  From  this  it  follows  that  the  halogen  is 
present  in  the  one  case  in  the  benzene  nucleus,  and  in  the 
ether  in  the  side  chain. 

This  IB  in  accordance  with  the  oonclDsion  arrived  at  on  p.  327,  of 
toluene  being  phenylated  methane;  chloro-toluenc,  CjHjCl. [CH,),  is 
qnui-methylitted  uhluru-benzeue  and  ia  therofuro  stable,  while  benzyl 
liloride,  CbH^— CH^l,  is  quasi-phenylatcd  chloro- methyl,  and  is 
therefore  very  active  chemically. 

The  same  relations  repeat  themselves  in  xylene  and  the  other 
homologues  of  toluene,  so  thiit  it  is  always  easy  bo  arrive  at  the  con- 
BtitutioD  of  a,  compound  from  the  behaviour  of  its  halogen  atoms  and 
from  its  [irodacts  of  oxidation.  Thns  a  coinpoutid  CjH^rlj,  which 
yields  moDD-chloro-lienziiio  acid  upon  oxkliition,  bsa  v^Kuvlcb'iX.'j  "ijaia 
Soraiui*  QB^a—CBgCI  (chloro- benzyl  chloride). 


334  XVIII.    nALOID  SUBSTITUTION   PRODUCTS.  1 

For  the  oapabilitj  of  reaction  of  the  chloriiia,teil  htamente,  at.  hUo 
p.  318. 

The  boiling  pointa  of  the  (poeitioii*)  iBomeric  subatitution  products 
{o-,  m-,  and  TJ-compaunds),  always  lie  near  to  one  another,  and  those  of 
the  other  isomers  aleo  are  not  very  far  apart  from  these. 

Modes  of  fimwxtion.  1.  By  the  action  of  chlorine  or  bromios 
upon  aromatic  hydrocarbons  there  result,  according  to  tie 
conditions,  either  addition  or  substitution  products,  the  latter 
class  particularly  easily  in  presence  of  iodine.  (Cf.  p.  327, 
also  B.  18,  607.)  Iodine  only  substitutes  directly  under  the 
conditions  already  detailed  at  p.  61.  From  benzene  all  the 
chlorinated  derivatives  up  to  CjClg  can  he  obtained  in  succession, 
the  last  named  compound  resulting  with  the  aid  of  MoClj,  IClj, 
eta,  at  a  somewhat  high  temperature.  A  hexa-bromo-beuzene 
alBo  exists,  but  not  a  hexa-iodo-compouud.  In  the  case  zS 
toluene  and  its  homologuea  the  halogen  enters  the  benzene 
nucleus  alone,  if  the  operation  is  performed  in  the  cold,  with 
the  exclusion  of  direct  sunlight  or  with  the  addition  of  iodine, 
while,  if  its  vapour  is  led  into  the  boiling  hydrocarbon,  or  £ 
the  experiment  is  conducted  in  sunlight  and  without  additi(d( 
of  iodine,  it  goes  almost  exclusively  into  the  side  chau^ 
(Beiisteiii;  Schramm;  see  also  B.  13,  1216). 

2.  From  compounds  containing  oxygen(the  phenols,  aromatit 
alcohols,  aldehydes,  ketones,  and  acids),  by  the  action  of  phoSi 
phonis  pentachloride  or  bromide  : 

GbH^.OH  +  PClg   =   CflHsCl  +  POCI3  +  HCl. 

3.  From  the  (nitro-  or)  primary  ami  do- com  pounds,  then 
being  first  converted  into  diazo-compounds  (p.  360).  Upon. 
boiling  the  latter  with  cuprous  chloride  or  bromide,  they  are, 
transfonned  into  the  corresponding  chlorine  or  bromine  com- 
pounds (Sandraeyer,  B.  17,  1633,  2650),  and  upon  boiling  with 
iodide  of  potassium,  into  iodo-substitution  products: 

C6Hb.N=N.CI  =  CeHjCl  +  N^; 
06H5.N=N.C1  +  KI  -  CflHgl  +  Nj  +  KCl, 
The  bromine   coiuponnds  also   result  npoa  boiling  the  diOED-pch 
bromides  (p.  364]  witli  absolute  3.Vuo\i(il,  Mvi  the  fi.itorlne  compos 
«  aimihr  ituictiou,  ( Wailaeh,  K.  aab,  ^^V 
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4  By  heating  tie  haloid-sabatit 
CjE^Cl— CO,H   ; 


tion  acids  with  lime : 
C,H,C1  +  HgO. 


Mono-chloro-,  toomo-,  and  iodo-benzene  are  colourless  liquids 
of  peculiar  odour.     Their  boiling  points  have  beeji  given  in  the 

m-cUon-  and  Sl-bromo  benzeneB  emiat  as  o-,  m-,  and  p-compoundB. 
The  p-,  and  alao  the  o-compoundB  in  smaller  amount,  are  obtained 
iirectly  (aee  p.  318),  while  the  m-compouada  are  obtained  indirectly 
from  m-dinitro-benzene  according  to  method  S.  The  para-compounda 
ue  aolid  and  the  others  liquid. 

The  significance  of  the  <U-  and  til-troma-beiiieneB  for  the  benzene 

theory  has  been  already  indicated  at  p.  314.     The  tri-chloro-beiueue 

which  results  by  direct  substitution  has  the  (asymmetric)  constitution 

1:2:4.     It  inay  also  be  formed  by  the  SBpa cation  of  3H.C1  from  CjHj.C!,. 

Hexa-chloro-  and  'biomo-benieiies  are  produced  by  the  thorough 

chlorination  or  broniination  of  benzene,  toluene,  napbthalene,  etc.,  and 

I   ftlso  from  carbon  tetrachloride  and  bromide,  as  given  at  p.  321.     They 

I   are  solid  and  can  be  distilled. 

Flno-benzBUs,  C^H,F,  is  a  liquid  boiling  at  86° ;  the  entrance  of 
fluorine  into  the  bcuzene  molecule  thaa  alters  its  boiling  point  oiily  iii 
alight  degree, 

Mono-chloTO-  and  -bromo-toluenes,  C^HjC^CH^)  and 
CgH4Br{CHj}.  These  mono-substitution  products  of  toluene 
likewise  exist  as  di-derivativea  of  benzene  in  the  o-,  m-,  and 
2>-n3  odifications. 

When  toluene  is  chlorinated  or  brominated,  as  given  on  p.  334, 
rtfae  para-  and  ortho-componnds  are  formed  in  apprcnimately  equal 
k  quantities.  m-Chloro-tolnene  is  obtained  from  chloro-^-toluidiue, 
I  C(H,.CHNHj)CH3  (from  p-toluidine  and  CI),  according  to  method  .t. 
L  ^Tbe  p-compounds  are  aclid  in  the  cold  and  the  others  liquid.  Oxidation 
f  "fcy  HNOa,  CrOj  or  KMnOj  oonvarta  thain  into  the  haloid -benzoic  acids, 
1  but  chromic  acid  mixture  must  only  be  used  in  the  case  of  the  p-  and 
,  tn-,  and  not  in  that  of  the  o-compounds,  as  it  completely  disintegrates 
the  latter. 

Benzyl  ciloride,  CeH^— CHjOl   (Camnisore),  results   upon 

cUorinating   boiling   toluene,   and    benzj'l    bromide    in    an 

analogous  manner;  the  latter  can  be  converted  into  benzyl 

I  iodide  by  iodide  of  potassium.     The  behaviour  o?  tUftsa  wito.- 

ijiounds  shows  them  to  be  the  haloid  etlieta  oS  Xteiii^V  A»isJ>i'^4 
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CfiHj— CHj.OH,  from  which  they  reanlt  by  the  action  of 
halogen  hydride,  and  into  which  they  are  transformed  by 
proloBged  boiling  with  water  or,  better,  with  a  solution  of 
carbonate  of  potash.  Boiling  with  potassium  acetate  yields 
the  acetic  ether  of  this  alcohol,  with  potassium  sulph-hydrate 
the  mercaptan,  and  with  ammonia  the  amine  base. 

They  are  colouriesa  liquids,  heavier  than  water,  which  boil 
without  decomposition  and,  like  o-bromo-toluene,  etc,  irritate 
the  mucous  membrane  of  the  nose  and  eyes  exceedingly. 
Oxidation  converts  them  into  benzoic  acid.  Benzyl  chloride 
is  used  on  the  large  scale  for  the  preparation  of  oil  of  hitter 
almonds  and  for  modifying  the  tints  of  dyes. 

Benzal  chloride,  ienzyMem  chloride,  C^Hj— CHClj,  and 
Benzene  tri-ehloride,  C^Hg— COg,  are  produced  by  the  further 
chlorination  of  boiling  toluene  and  also  by  the  action  of  PClj 
upon  the  corresponding  oxygen  compounds,  benzoic  aldehyde, 
CgHj — CHO,  benzoic  acid,  CgH.^ — CO^H,  and  benzoyl  chloride, 
CgHj — COCl.  They  are  liquids  reaembling  benzyl  chloride, 
and  are  reconverted  into  the  original  oxygen  compounds  by 
superheating  with  water,  and  into  benzoic  acid  by  oxidizing 
agents.  For  their  relations  to  cinnamic  acid  and  malachite 
green,  see  these, 

Cldoro-l)romo-l>enEenes,  CsH,C1Br,  Ohlor-lodo-lwiueiiei  and  other 
mined  ilerivativea  also  exist  in  larj^e  number. 

Subatitution  compouDda  of  unsaturated  hydrocarbons  aro  likewise 
known,    e.g.     (9-Bromo-styTeo8,     CaRj— CBr=CH2, 
CjH,— CH=CHBr,  etc.,  etc. 


o-itTTsaf^ 


XIX.   NITRO-SUBSTITUTION  PRODUC3TS    OF 

THE  AROMATIC  HYDROCARBONS. 

When  benzene  derivatives  (not  merely  hydrocarbons)  are 
treated  with  concentrated  nitric  acid,  most  of  them  are  easily 
dissolved,  with  evolution  of  heat,  and  transformed  into  nitro- 

mpounds  which  are  precipitated  on  the  addition  of  water. 
According  to  the  conditions  of  the  experiment  and  the  nature 
o/ tie  compound  tobemlrated,  cnvecii 
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the  molecule  (see  e.g.  phenol).     The  nitro-grou[j8  siiLstitiite  in 
the  nucleus  and  only  very  seldom  in  the  side  chain. 


CeH,{NOj)  C,H,(N05),  C.HjfNO,), 

Nitro-benzene.  o-,  m-,  and  ^i-Dinitro-       s-TriDilTObenzti 

Liq.     B.  Pt.  206*.  beoKcnes.  Solid.     M.  Pt.  1' 

Solid.     M.PtB.  118°.  90°, 

and  171°. 


Nitro-xTlen™. 
•,.g.  I  ;  3  : 4,  [CH,  i: 
Liq.     B.  Pt.  238 


Ijitro-n.eaitylene. 
Solid,     M,  Pt.  42°. 


Tatral  iromo-  dinitro- 
Lenziiuo. 


Nitro-compounds  are  also  produced  by  the  iLCtioD  of  uitrous  acid  Upoo 
diozo-coiapoundB,  In  the  presence  of  caprone  oxide,  (Sandmtyer,  B.  SO, 
1414}: 

C„H,— N-N-CI  +  NHO,   =   C,H,-NO,  +  HCl  +  Ny 


le  chloride. 


NitrO'beiizene. 


The  nitro-uompounda  are  for  the  most  part  pale  yellow 
liquids  which  distil  unchanged  and  volatilize  with  water 
vapour,  or  colourless  or  jiale  yellow  needles  or  prisms  ;  some- 
times they  are  also  of  an  intensive  yellow  or  red  colour. 
Many  of  them  explode  upon  being  heated.  They  are  heavier 
than  water  and  insoluble  in  it,  but  most  of  them  are  readily 
soluble  in  alcohol,  ether  and  glacial  acetic  acid. 

The  nitro-group  in  most  aromatic  nitro-compounda  is  bound 
very  firmly,  as  in  the  case  of  tbc  nitro-m ethanes,  and  is  not 
exchangeable  for  other  groups.  Like  the  latter  compounds 
also,  they  are  easily  reduced  in  acid  solution  to  the  correspond- 
ing amido-derivatives ;  in  alkaline  solution  they  are  converted 
into  azoxy-,  azo-  and  by drazo-com pounds,  (see  ^^.  S66  ttBi 

3e7/ 
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On  the  other  hand,  they  cannot  be  prepared  according  to  mode  of 
formation  1  for  nitro-methane  (p.  101),  i.e.  by  the  action  of  AgNO,  on 
CgHgCl  etc. 


Nitro-benzene,  CeH5(N02),  (Mitscherlich,  1834).  Results, 
with  evolution  of  heat,  on  the  gradual  addition  of  benzene  to 
fuming  nitric  acid,  or  on  treating  it  with  a  mixture  of  sulphuric 
and  the  calculated  quantity  of  nitric  acid.  It  is  a  yellowish 
liquid  with  an  intensive  odour  of  oil  of  bitter  almonds,  which 
solidifies  in  the  cold  ;  M.  Pt.  +  3°* 

Dinitro-benzenes,  CgH4(N02)2.  These  are  produced  when 
benzene  is  boiled  with  fuming  nitric  acid;  in  this,  as  in  all 
analogous  cases,  the  two  nitro-groups  take  up  the  meta-position 
to  one  another,  very  little  of  the  o-  and  ^-compounds  being 
formed,  and,  by  recrystallizing  from  alcohol,  pure  wi-dinitro- 
benzene  is  obtained  in  long  colourless  prisms  or  needles. 

The  o-compound  crystallizes  in  tables  and  the  ^Msompound 
in  needles,  both  being  colourless ;  they  are  prepared  indirectly 
by  elimination  of  NHg  from  the  corresponding  di-nitranilines. 

Upon  reduction  there  result  first  the  three  nitranilines  and 
then  the  phenylene-diamines  (pp.  352  and  359), 

o-Nitro -benzene  exchanges  a  nitro-group  for  hydroxyl  when  boiled 
with  caustic  soda,  and  for  amidogen  when  acted  on  by  ammonia,  with 
the  formation  of  o-nitro-phenol,  C8H4(N02)(OH)  and  o-nitraniline, 
CgH4(N02)(NH2)-  The  w-compound  is  oxidizable  by  KgFeCyg  to  a-  and 
/3-dinitro-phenol. 

Nitro-toluenes,  C6H4(GH3)(N02).  When  toluene  is  nitrated, 
the  p-  and  o-corapounds,  with  hardly  any  of  the  m-compound, 
result.  The  first  is  solid,  crystallizing  in  large  prisms,  and 
the  second  liquid,  the  latter  being  used  as  a  perjfume  under 
the  name  of  "oil  of  mirbane."  m-Nitro-toluene  can  be  prepared 
indirectly  from  m  nitro-j?-toluidine,  CgH3(CHg)  (N02)(NH2), 
by  the  Griess  reaction  (p.  363). 

Further  nitration  gives  rise  to  : 

Dlnitro-toluenea,  CgH3(CH3)(N02)2,  of  the  constitution  CHgrNOarNOa 
=:  1 : 2: 4  and  1:2:6,  the  two  nitro-groups  being  again  in  the  m-position 
to  one  another  in  both  cases.     ^Ci.  "p.  ^\^.^ 
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Most  of  these  nitro-compounds  are  of  great  technical 
importance,   on   account   of  their   convertibility   into  amine 

dUoro-  and  Bromo-nltro-benzeneB. 

When  chloro-  or  bromo- benzene  is  nitrated,  p-chloro-  (or  bromo-) 
,ro-beDzcnea,  and  in  amEiller  quaatity  the  0><!ompi)UD<lB,  result.  The 
m-compoiuKls  muBt  be  prepared  iodirectlf  by  replacing  an  aniido-group 
-njtruiiline  by  batogen.  The  p-derivativea  have  a  higher  malting 
point  than  their  iaomers,  and  the  m-compounds  for  the  most  part  a 
higher  one  than  the  a -derivatives,  this  law  freqaontly  repeating  itself 
in  other  caaes  alao.  The  p-derivativea  are  iiaoftUy  also  less  Boluble  in 
alcohol.  The  o-  and  p-compouudB,  bat  not  the  m-,  exchange  halogen 
for  hydroxy!  when  boiled  with  potash,  and  for  amidogen  when  heated 

Id  Trlnltro-DUoTD-benzeiie,  CeB^i(N0j)3CI,  the  chlorine  atom  huB 
been  rendered  so  easily  exchangeable  by  the  acidifying  influence  of  the 
'  .ro-groupB  thitt  the  compound  behaves  aa  an  acid  chloride  ;  hence  the 

me  "  picryl  chloride,"  the  chloride  of  picric  acid  (p,  318). 

Mltro-^lenei,   ■mealtylene  and  -paenilo-oumettfl  are  also  known  in 

laiy  isomeric  modtiicatioiiB,  (eee  table). 

We  are  further  acquainted  with  nitro-derivatives  of  etyrene,  viz.,  o-, 
■a-,  and  p-mtro-BtyreneB,  CjHjtNOjKCjHs),  whicb  can  he  prepared  by 
indirect  methods,  and  also  a-Hltro-atyiane,  C.HjCH^CHINO,),  whitJi 

inltB  directly  from  the  nitration  of  styreue  and  contains  the  nitro- 
group  in  the  side  chain,  a  necessary  consequence  of  its  preparation  from 
benzoic  aldehyde  and  nitro-methane  by  means  of  zinc  chloride,  thus  : 
C,H5,CH0  +  CH3NOS   =    C„Hj.CH=CH(NO,)  +  HA 

Thia  is  one  of  those  relatively  rare  cases  in  which  the  nitro-group 

tors  the  side  chain  upon  direct  nitration.  (Cf.  B.  18,  935,  2438  j 
IS,  S36.) 

Nitroso-derivatives  of  the  Hydrocarbons. 


RltroBo-lJanaBnB,  CjHjINO),  is  prndoced  by  the  action  of  NO.Cl  upon 
mercury  di-phenyl  dissolved  in  benzene.*  It  is  only  known  mixed 
with  benzene ;  the  mixture  is  a  green  lignid  cf  eharp  smell,  vrhlch 
ielda  aniline  when  treated  with  tin  and  hydrochlorio  acid,  and 
■M-henzene  with  aniline  iicetate. 

*  Mercury  dl-phenyl,  HglCijH,)^,  is  an  analogue  of  mercury  dj-ethyl ; 

results  from  the  actioij  of  mercury  upon  mom 
aj-atalliiea  io  needlea  or  prisma  melting  at  12Qi', 


XX.    AMIDO-COMPOUNDS, 


Httroso-derlvatlvaB  of  tertiary  ajnlneB  result  tlirectly  by  the  noti 
of  iiitiuuB  acid  upon  the  latter.  (Use  I4itroaa-dimethyl-aiiill| 
C,H,tN0JNlCHj3,  p.  354.) 


XX,    AMIDO-DERrVATIVES    OP   THE 
BENZENE    HYDROCARBONS. 

(See  table,  p.  341). 

Aniline,  the  Bimplcst  of  the  aromatic  bases,  may  be  regard 
(1)  as  benzene  in  which  a  hydrogen  atom  ia  replaced  1 
amidogen,  ("amido-benzene"),  or  (2)  as  ammonia  in  whii 
a  hydrogen  atom  is  replaced  by  phenyl,  CgHj — ,  ("  phenj 
amine").  According  to  the  former  view,  amido-compoum 
are  derived  from  all  the  benzene  hydrocarhona,  and  not  on 
monamines  (containing  NHj),  but  also  di-amines  (2NH, 
tri-amines,  etc ;  according  to  the  latter,  the  phenyl  gror 
may  enter  anew  with  the  formation  of  secondary  or  tertiaj 
amines.  Secondary  and  tertiary  amines,  and  even  quatenuM 
ammonium  compounds  may  also  result  from  the  entrance  i 
alcohol  radicles  into  the  above  monamines,  diamines,  etc  ] 
NHg,  etc.,  may  likewise  substitute  in  the  side  chain.  j 
An  extraordinarily  large  number  of  aromatic  bases  are  tq 
theoretically  possible  and  also  actually  known  (see  tablt 
They  closely  resemble  in  some  ways  the  nitrogen  basea  of  tl 
alcohol  radicles,  form  salts  with  acids — frequently  with  evol 
tion  of  heat— and  double  salts  with  chloride  of  platinar 
possess  a  basic  odour,  give  rise  to  white  clouds  with  volati 
acids,  and  distil  for  the  most  part  unchanged,  etc.  Speakir 
generally,  however,  they  are  weaker  bases  than  the  alcohol 
amines,  since  the  phenyl  group,  CgHg,  possesses  a  negat^ 
character,  and  not— like  the  alcohol  radicles— a  posiUn 
thus  the  salts  of  diphenylamine  are  decomposed  eii^ 
by  water,  and  triphenylamine  no  longer  possesses  basic  pn 
pertiea,  while  dimethyl-aiMlme  haa  a  strongly  marked  basi 
cAa  racier. 


/  CeHj.NH, 

Aniline 
[-8°l(18n 


AIIIDO-COMPOUNDS. 

Summary. 


Dtpbanylamlne 

[64°]  (3U2°). 


1 


(199°),{197°),[4B''](198°). 


aH4(N0,)NHa 
Nitnmilines, 

[71=1  [1U°]  [147°1  (285°). 


ff,(CH,CHi,.SHsl 

hNiyl-ethylamlne 

(193°),  etc 


CH,(NH,), 

PhsnyleDe-diainiiies, 

So-:    [102°]  (252°) 

J  m- !  [63°]  (287°) 

\V-:   tl47°]  (267°). 


i.g.  1:2:4  [99°]  (286°). 


Nitroio-daivalivea. 


(CjHp)JSf.N 
TOBO-dipheoy 


Add  Derivatives, 

C5H,.NH(C,H30) 
AcBtajimaB[lU°]. 
C0.(NHC„Ha)3 
Carbanilide  [235°]. 
CS(NHC8Hj)(NH5) 
Phenyl-thio-urea  [154°] 


CeHj.N(CH3)(GjH,0) 
Methyl-acetHJiUide  [89°]. 

C0(N.C8Hb) 
Phenyl  cyanate  (163°), 

CS(N.CsH,) 

Ph  any  1  -JBolh  iocy  aimte 

(222°)  ete. 


NH-ci^'^J'^a  jj-Diamido-diphenylamino  [158°]. 
NH[C8Hj.N(CUa)^]j  ,i-Tetraincthyl.dUmidtt-    ] 


thyl-iliaiiiido-    ■ 
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The  diamines  have  a  more  strongly  basic  character  than  the 
monamines  and  are  more  readily  soluble  in  water. 


A.  Primary  Monamines. 

Isomers,  The  isomerism  of  the  aromatic  is  in  part  analogous  to  that 
of  the  fatty  amines  (p.  113),  e.^.,  dimethyl-aniline  is  isomeric  with  the 
methyl-toluidines  and  the  xylidines.  Oases  of  isomerism  are  also  caused 
by  the  amido-group  being  present  in  the  benzene  nucleus  in  the  one  case 
and  in  the  side  chain  in  the  other.  Finally  all  the  isomeric  relations 
of  the  aromatic  hydrocarbons  (bi-derivatives,  etc.)  may  also  come  into 
play  here. 

Constitution,  As  already  seen  at  pp.  114  e^  seq,^  amines  are  very 
easy  to  characterize  as  primary,  secondary,  etc.  Not  only  their 
modes  of  formation  but  also  their  behaviour  shows  whether  the  amido- 
group  is  present  in  the  benzene  nucleus  or  in  the  side  chaia. 

Modes  of  formation,  1.  The  most  important  mode  of  pre- 
paration of  the  primary  aromatic  bases,  and  also  of  the  di-amines, 
etc.,  consists  in  the  reduction  of  the  nitro-compounds : 

CgHg.NOa  +  3H2   =   2H2O  +  CeHg.NHg 

Kitro-benzene.  Aniline. 

C«H,(NO,),  +  6H,  =  4H2O  +  CA(NH2), 

Di-nitro-benzenes.  Phenylene-diamines. 

The  reduction  of  nitro-  to  amido-compounds  goes  on  espe- 
cially well  in  an  acid  solution,  e.g.,  by  the  gradual  addition  of 
the  latter  to  a  warm  mixture  of  tin  or  stannous  chloride  and 
hydrochloric  acid.  On  a  manufacturing  scale  iron  and  a 
limited  amount  of  hydrochloric  acid  are  used  (Bechamp),  also 
frequently  zinc  dust  and  hydrochloric  or  acetic  acid.  Am- 
monium sulphide  (Zinin),  ferrous  sulphate  and  baryta  water, 
etc.,  also  effect  the  reduction. 

Sulphide  of  ammonium  acts  more  mildly  than  tin  and  hydrochloric 
acid  and  is  therefore  of  special  value  for  the  partial  reduction  of  dinitro- 
com pounds  (see  nitraniline).  An  alcoholic  solution  of  stannous  chloride 
containing  hydrochloric  acid  may  also  be  used  for  this  purpose,  (B.  19, 
2161). 

Amines  also  result  from  t\ie  TeA.v\c\IvoTL  ol  mXx^^'Ci-^xja.i^unds,  (see 
712  troso- dim  ethyl-aniline. ) 
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2.  By  heating  phenols  with  the  compoiimi  of  zinc  chloride  nnil 
ammaaia,  or  of  cakmm  chloriilu  and  tunnionia,  to  3U0°  (Men),  secoadary 
ftminea  being  formed  at  the  same  time  ; 

CsHcOH  +  HNH,  =  CaHj.NHj  +  H,0. 
Thia  reaction  goes  on  more  eaEily  in  the  prEBence  of  negatava  granpa, 
i.S.  with  the  nitro-phenols,  (B.  l»,  1749). 

3.  Bj  diatilling  amido-acida  with  lime,  aumetiiuea  by  merely  heiilijig 
them  aloDe : 

C»H«{NH,)COaH  =  CgHj.NH,  +  CO,. 

4.  By  heating  secondary  and  tertiary  bases  (such  aa  mono- 
and  dimethyl-aniline),  which  have  been  formed  by  the  intro- 
duction of  the  alcohol  radicle  into  primary  aromatic  bases, 
with  strong  hydrochloric  acid  to  180°,  the  alcoholic  radicle  can 
be  eliminated  again  in  the  form  of  ajkyl  chloride  with  repro- 
duction of  the  primary  basea  ; 

CaH5.N(CH3)3  +  2HC1  =  CaHj.NH^  +  aCHaCl. 

It  the  temperatnre  is  raispd  higher,  the  separated  CHjCl  [i.e. 
chloro-alkyl)  acts  further  upon  the  primary  amine,  causing  the  replace, 
ment  of  hydrogen  of  the  benzene  nucleus  by  alcoholic  radicle  and  the 
consequent  formation  of  primary  bosea  which  are  hooiologoua  with  the 
original  amine ;  in  thb  way  toluidine  hydrochloride  reaults  upon 
heating  hydrochloride  of  methyl-aniline  to  336° : 
C.H,.NH(CHs),  HCl   =   CaHj.NHj -i-  CH3CI   =   CjU^ICHjjNHj,  HCl. 

The  methyl  groups  which  thua  enter  the  nncleua  take  up  the  0-  or 
p-,  and  not  the  m-position,  to  the  regenerated  NS^. 

In  an  analogous  manner  one  finally  obtains  from  trimethyl-phenyl-am- 
monium  iodide,  CaHj.N(CH3)jI,  meaidiue  hydriodide,  CjHs(CH:5}5.NH„ 
HI.      Hydrochloride  of  diphenylamine  doen  not  show  this  reaction. 

4».  The  formation  of  {e.g.  ]  amido-iaobntyl-benzene,  by  heating  aniline 
hydrochloride  with  isobutyl  alcohol  to  260°,  depends  upon  the  same 
principle,  thua  : 

CsH5.NH„  Ha  +  C^EsOH  =  CaHJC^HsJ.NHs,  HCI  +  HsO. 

6.  For  the  formation  of  ami  do-compounds  from  nitro-haloid-bonzeneB 
or  D-dinitro-beDzeneB,  see  p.  339. 

6.  By  heating  the  potasaium  salts  of  sulphonic  acids  with  sodio- 
Wnide,  NaNHj,  (B.  IB,  902). 

7.  The  aromatic  amines  cannot  be  obtained  by  heating 
diloro-benzene,  etc.  with  ammonia  (see  p.  SS^Y  ^■nriWisHi'*., 
'  wBver,  and  aU  analogously  constituted  ba*e&, 'wVviik  liRioSs' 
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the  NHg-group  in  the  side  chain,  result  hy  the  methods  which 
apply  in  the  preparation  of  amines  of  the  fatty  series.  ThiU' 
benzylamine  is  formed  by  the  action  of  ammonia  or,  better, 
of  acetamide  upon  benzyl  chloride  (the  latter  method  giving 
rise,  of  course,  to  the  readily  saponifiablo  acetyl-benzylamine),. 
by  reduction  of  benzaldehyde-hydrazone  (p.  373  ;  B.  19,  1924),, 
etc.  The  above  also  holds  good  for  secondary  and  tertiary 
bases  of  this  kind. 

Properties.  The  primary  monamines  are  partly  liquid,  partly 
solid  Mid  beautifully  crystallizing  bases.  They  are  colourleaa 
when  pure,  but  readily  become  brown  when  exposed  to  the 
air,  and  possess  a  weakly  basic  and  not  disagreeable  odour. 
Aniline  is  somewhat  soluble  in  water  (1 :  31),  its  homologues 
less  80. 

Hehavioiur.  1.  Most  of  them  yield  with  acids  salts  which, 
crystallize  well  and  which  are  usually  readily  soluble  in  water. 
They  do  not  however  unite  with  very  weak  acids,  such  u 
carbonic,  and  they  are  therefore  separated  from  their  salts  ii 
the  free  state  by  sodium  carbonate.  Sodium  acetate  often  acta 
in  the  same  way  (when  no  acetates  exist).  They  yield  double 
compounds  with  many  metallic  salts,  especially  with  platinio 
chloride  [e.g.  SfCeHjN.HCl)  +  PtClJ,  and  with  gold  chloridei 
also  with  stannous  and  zinc  chlorides,  etc.  The  platinum 
double  salts  are  often  sparingly  soluble  and  therefore  suited 
for  the  isolation  of  the  bases. 

Besides  these  there  eidst  the  so-called  addition  salta  of  those  base^ 
e.g.  aniline  ziaD  ehloriilB,  2C9H,N  +  ZnClj,  aniline  mercnric  oUoridf^, 
2C„HjN  +  HgCl3.  and 

2.  When  aniline  is  heated  with  potaasium  or  Bodium,  the  hydrogoft 
Is  replaced  by  metal  with  formation  of  the  compoDoda  C^HjN  HK -ajid 
CgHjNKj.  These  yield  di-  ami  triphenylamine  with  bromo-benzen^ 
and  decompose  immediately  with  water. 

3.  For  behaviour  with  sulphuric  and  nitric  acids  and. 
with  halogens,  see  pp.  352  and  375. 

4.  The  primary  aromatic  bases  are  analogous  in  every 
respect   to   the   primary    fatty   ones,    methyl   iodide,    benzyl 

chloride  etc.  transforming  them  inUt  ^ewiwdatY,  tertiary  and 
quaternary  conipoimils 
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CflHj.NHj  +  CHJ   =  CoH^.NH(CHg),  HI ; 
CflHs-NHfCHs)  +  CH3I  -  CbH,.N(CHj)3,HI; 
CeHs-NfCHJ,  +  CH^   =   C^HyNICHgy. 
The  secondary  and  tertiary  bases  can  be  liberated  from  their 
hydriodides  by  soda,  but  moist  oxide  of  silver  must  be  used  in 
the  case  of  the  ammonium  bases,  (see  p,  115). 


CH^CHO  +  2C8H15.NH,   =   CH^CH(NH.CbHj),  +  HjO, 
Ethylklene-diphenyl-  diamine. 
Benzoic  aldehyde,  however,  reacts  as  followB  : 

C,H,.CHO  +  NHj.C„Hj   =   C^H^.CH^N— CsH,  +  H,0. 
Bflnzytidine-aniliilB. 

6.  Just  as  acids  yield  amides  with  ammonia,  so  are  they 
capable  of  foi-ming  "anilidea"  with  aniline,  etc.,  e.y.  acetic 
acid  and  aniline  give  aeetanilide  : 

CsHj.NHj  +  OaHjaOH  =  CflH5.NH(CjHsO}  +  Efl. 
These  anilidea  may  either  be  looked  upon  as  acetylated 
c.  amines  or  as  phenylated  etc.  amides,  the  formula 
C,HsO.NH(C5Hj)  corresponding  with  the  latter  view.  They 
in  every  respect  analogous  in  their  chemical  behaviour 
to  the  ordinary  amides,  especially  to  the  alkylate4  amides 
(p.  180),  being  broken  up  again  into  their  components  by 
alkalies,  and  resulting  by  analogous  methods,  e.g.  by  heating 
the  acid  or,  better,  its  anhydride  or  chloride  with  the  amine  in 
r^oestion,  thus ; 

■C,H^(CHa)NHa  +  CHa.COCl   =  C(,H,(CHa).NH-C3H,0  +  HCl. 
Tolatdine.  Acet-toluide. 

7.  When  warmed  with  chloroform  and  alcoholic  potash,  the 
jirimary  bases,  like  those  of  the  fatty  series,  yield  iso-nitriles 
of  stupefying  odour.  When  they  are  warmed  with  carbon 
trisulphide  thioureas  result,  and  from  the  latter  iso-thiocyan- 
itea,  e.g.  on  treatment  with  phosphoric  acid,  (c,f.  \i^.  VV.  wA 
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8.  Nitrous  acid  bonverts  the  primary  aromatic  amines  in  acid 
solution  into  diazo-compounds  (p.  360),  and  in  the  absence  of 
acids  into  diazo-amido-compounds  (p.  364).  The  diazo-com- 
pounds go  into  phenols  when  boiled  with  water,  so  that  NHg  is  here 
indirectly  exchangeable  for  OH,  as  is  the  case  directly  with  the  amines 
of  the  fatty  series.  When  the  amines  are  warmed  with  ethyl  nitrite  in 
alcoholic  solution,  the  amido-group  is  eliminated,  t.e.  replaced  by 
hydrogen  (p.  362). 

9.  The  oxidation  products  of  the  primary  bases  are  very 
various,  phenols,  quinones,  azo-compounds,  aniline  black,  etc., 
resulting  according  to  the  conditions;  a  mixture  of  aniline 
and  toluidine  yields  fuchsine.^ 

10.  The  bases  which  contain  the  amide  in  the  side  chain 
possess,  in  contradistinction  to  the  purely  aromatic  amines,  the 
character  of  the  amines  of  the  fatty  series.  They  are  thus  e.g, 
not  convertible  into  diazo-compounds. 


B.  Secondary  Monamines. 

We  have  to  distinguish  here  between  purely  aromatic 
secondary  amines,  such  as  diphenylamine,  and  mixed  secondary 
bases  which  contain  an  aromatic  residue  and  a  radicle  of  the 
fatty  series. 

Modes  of  foTTnation.  1.  Mixed  secondary  bases  result  from 
the  primary  by  treatment  with  methyl  iodide,  etc.  {Hofmann), 
(see  p.  112). 

This  reaction  does  not  usually  stop  short  with  the  introduction  of  one 
alcoholic  radicle,  but  extends  further  with  the  formation  of  tertiary 
bases.  In  order  to  avoid  this,  the  alkyl  iodide  etc.  may  be  allowed  to 
act  upon  the  acetylated  primary  bases,  e.g.  acetanilide  [or  upon  their 
sodium  compounds  (Hepp)y]  and  the  resulting  acetyl  compound  be 
saponified  : 

CeHg.NHlCgHgO)  +  CH3I   =   C6H6.N(CH8)(C2H30)  +  HI. 

The  secondary  bases  are  separated  from  the  tertiary  by  treatment 
with  nitrous  acid  (see  below,  under  Nitrosamines). 

2.   The  purely  aromatic  8ecoivda.Ty  amines  result  upon  heat- 
ing  the  primary  bases  with  tVv^iT  \\>j^xoOtAo\\R.  ^^\^  ^^\&\ 
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"  Unsymmetrical"  bikseB  (>.&  those  coiitiiQing  two  dilFerent  radiclee) 
bavB  also  been  prepared  in  this  way. 

3.  Diph en y] amine  can  further  be  got  by  heating  phenol  with  aniline 
zinc  chloride,  (B.  17,  263S),  and  : 

4.  By  the  action  of  bromo -benzene  upon  potasaium -aniline. 
Behaviow.     1.  The  mixod  secondary  bases  have  strongly 

narked  basic  properties,  while  the  purely  aromatic  iiave  not, 
(cf.  p.  310). 

2.  For  the  breaking  up  of  the  mixed  bases  by  hydrochloric  acid,  see 
p.  343. 

3.  The  hydrogen  of  the  imido-group  ia  replaceable  by  an 
alcoholic  or  acid  radicle,  and  also  by  potassium  or  sodium ; 

(CflHJ^H  +  CHjI       =   HI  +  (C,H5},N{CH3) 

Methyl-  dipheny  lamine . 

(CaH()jNH  +  (CgHBO)jO   =   CjH.O^  +  (fle^s)2^{C^aO) 
Acetyl -diphenyl  amine. 

4.  The  secondary  bases  give  neither  the  iso-nitrile  nor  the 
"maBtardoil"  reaction  (p.  114). 

5.  With  nitrous  acid,  nitrosamines  are  formed,  (cf  p.  116): 
C6H5NH(CH3)  +  NO.OH   =   HjO  -t-  CflH,.N(]SI0).(CH3) 

Nitroao  -  methyl-aniline. 

These  N  trosamineB  are  neutral  oily  liquids  insoluble  in 
wjter  wh  h  r  generate  the  secondary  bases  when  heated 
M  th  stanno  b  chloride  or  with  alcohol  and  hydrochloric  acid, 
and  wh  ch  j  eld  hydrazines  with  mild  reducing  agents. 

They  eerre  fo  preparing  the  aecatidary  bases  pare,  since  they  alone 
are  precipitated  by  sodium  oitritB  as  non-basic  oils  fn>m  the  acid 
solution  of  a  mixture  of  primary,  secondary  and  tertiary  bnaeB.  When 
such  uitroBBminea  are  digested  with  alcoholic  hydrochloric  add,  a 
molecular  rearrangement  takes  place  and  compounds  of  the  nature 
of  nitroBo-dimethyl -aniline  (p,  31S)  are  formed,  the  nitroao-group  going 
into  the  nuclena,  (O.  Fi'cher  and  Nepp,  B.  1»,  29S\1  ■, 
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0.  Tertiary  Monamines. 

These  also  are  either  purely  aromatic  or  mixed  (fatty- 
aromatic)  bases. 

Modes  of  formation,  1.  The  latter  result  upon  alkylating 
the  primary  or  secondary  bases  (cf.  p.  345),  which,  however, 
may  be  heated  with  methyl  alcohol  and  hydrochloric  acid 
instead  of  methyl  chloride  or  iodide. 

2.  Tri-phenylamine,  a  purely  aromatic  base,  is  formed  by  the  action 
of  bromo-benzene  upon  di-potassium-aniline : 

CeHgNKa  +  2CeH5Br  =  (CeH5)8N  +  2KBp. 

Behaviour,  1.  Unlike  the  mixed  (fatty-aromatic)  amines, 
the  purely  aromatic  tertiary  amines  are  incapable  of  forming 
salts. 

2.  They  do  not  yield  iso-nitriles  with  CHCI3,  iso-thiocyanates 
with  CSg,  or  acid  derivatives  with  acid  chlorides,  but  they  do 
yield  quaternary  compounds  with  methyl  iodide. 

3.  Nitrous  acid  acts  upon  the  tertiary  aromatic  bases  (which 
thereby  differ  from  the  tertiary  bases  of  the  fatty  series)  with 
the  formation  of  nitroso-compounds  which  contain  the  NO- 
group  linked  to  the  benzene  nucleus  : 

C6H5.N.(CH3)2  +  NO.OH   =   CeH4(NO).N(CH3)2  +  H„0. 

N ^ / 

Nitroso-dimethyl-aniline. 

Such  nitroso-derivatives  are,  in  contradistinction  to  the 
nitrosamines  already  mentioned,  changed  into  amido-com- 
pounds  (di-amines)  by  reduction,  (see  below). 


D.  The  Quaternary  Bases 

correspond  entirely  with  the  quaternary  bases  of  the  fatty  series. 
Trimethyl-phenyl-ammonium  hydroxide,  CgH5.N(CH3)3.0H,  for  in- 
stance, is  a  colourless,  strongly  alkaline,  bitter  substance  which  breaks 
up  into  dimethyl-aniline  and  methyl  alcohol  when  heated.  Some  of 
the  tertiary  amines  hcwever  axe  not  ca-^aJaU  of  yielding  ammoniuni. 
compounda. 
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E.  Di-amines,  Tri-amines,  etc. 

Formalion.  1.  By  the  reduction  of  the  ditiitm-hydrocarbons 
or  of  the  nitro-amido-com pounds.  In  this  way  the  phenylene- 
dia.mines,  CaH^^NHj)^,  result  froni  the  dinitro-henzenea  (see 
table,  p.  341.)  The  o-  and  J^diftmi^Ba  aru  best  obtained  from 
the  o-  and  ^-nitro-amido-compounds  (p.  352). 

2.  Further,  a  new  amiclo-graiipcau  be  introduced  in  the  p-poeitioD  into 
nonamine,  espeoially  a  eecDndary  or  tertiary  such  aa  ('(Hj^N(CH,)„ 

^tJ  first  transforming  the  latter  into  an  azo-dye  {e.g.  Ueniene-azo. 
dimethyl-auiline,  p.  371)  by  uniting  it  with  diazo-beuzene  chloride, 
knd  decompoBing  this  by  rednction  |p.  370). 

Tri-amido  cumpounda  taax  bit  prepared  in  a  manner  exactly  anatogouB. 

3.  For  the  preparation  of  di-amiiies  from  nitroao-compoundB  of 
tertiary  amines,  see  amido-di methyl-aniline,  ngHj(NHa)[N(CH3)s]. 

4.  Tetr-amido- benzene,  CgUjINH,)!,  is  formed  by  nitrating  (pre- 
viously acetylated)  di-amido -benzene,  and  reducing  the  n-eulting 
dinitro-compound,  the  two  acetyl  gronpa  being  finally  split  off,  (B.  ao, 
-8). 

Bfhamour.  The  diamines  and  triamines  are  solid  compounds 
which  crystallize  in  tables  or  plates  and  distU  unchanged. 
They  are  soluble  in  water,  especially  upon  warming.  Though 
originally  without  colour,  most  of  tliem  quickly  become  brown 
in  the  air,  their  instability  increasing  with  the  number  of 
■mido-groHps  present  In  accordance  with  the  readiness  with 
which  they  are  oxidized,  they  frequently  yield  characteristic 
colourations  with  feiric  chloride,  e.g.  o-phenylene-di amine  a 
dark  red,  and  1:2: 3-tri-amido~benzene  a  violet  and  then  a 
brown  colour. 

The  three  iBOmerio  varieties  of  diamines  differ  materially  in  their 
behaviour : 

(n)  Ortbo-diajnlnea,  I.  Ferriu  chloride  yields  a  crystalline  precipi- 
tate of  yelluw-red  needlEa  with  a,  solutioa  of  o-phenylene-diamina. 

2.  The  acid  derivatives  of  the  o-compounds  change  into  oompounda 
ti  the  nature  of  amirlines,  the  eo-cailed  "  auhydro-basea,"  through  the 
Innaation  of  intramolecnlar  anhydride  ;  thus,  by  the  reduction  of  o-iiltr- 
■cetanilide  by  tin  and  hydrochloric  acid,  there  reiults  "phenylene- 
rthenyl-aniidiue,"  a  derivative  of  athenyl-amidine,  CH.i— C'^^^  V^ 
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C6H4<iro,~^^'^°'  +  3H,-2H,0  =  C,H4<^]|^°*'^ 


—  ^e^i"^  j^  ^^ — ^^8  +  Ha^« 


Compounds  of  this  nature  are  also  obtained  by  heating  o-diamines 
with  acids. 

3.  A  similar  reaction  takes  place  between  aldehydes  and  diamine 
hydrochlorides,  with  the  formation  of  the  so-called  "  aldehydine  bases," 
HCl  being  set  free,  (Ladehburg,  B.  11,  590;  19,  2025).  In  the  same 
way  glyoxal,  CHO — CHO,  yields  quinoxaline,  and  many  of  the  double 
ketones  react  analogously.  With  CSNH,  isothiocyanates  are  formed, 
(A.  221,  1). 

4.  Nitrous  acid  converts  the  o-diamines  into  the  so-called  "azimido- 
compounds,"  compounds  which  contain  three  atoms  of  nitrogen,  e,g, 
o-phenylene-diamine    into    azimido-benzene,    =    amido-azo-phenylene, 

CeH4<^>N  (B.  9,  214,  1524 ;  15,  1878,  2195 ;  19,  1757). 

(b)  Meta-dlamldo-bases.  1.  These  form  yellow-brown  dyes  with 
nitrous  acid,  even  when  only  traces  of  the  latter  are  present  (see  azo- 
colouring  matters). 

2.  They  yield  azo-dyes  with  diazo-benzene  chloride  (see  chrysoi'din). 

3.  With  nitroso-dimethyl-aniline,  or  on  oxidation  together  with 
para-diamines,  blue  colouring  matters  are  obtained,  and,  upon  boiling, 
red  (see  toluylene  red). 

4.  With  CNSH,  phenylene-di-ureas  are  formed  (A.  221,  1). 

(c)  Fara-diamldo-compounds.  1.  When  waimed  with  FegCl^  or, 
better,  with  Mn02  +  H2SO4,  quinone,  C6H40a  (or  a  homologue),  results 
and  may  be  recognized  by  its  odour. 

2,  All  p-diamines  which  contain  a  primary  NHg-group  yield  violet 
or  blue  colouring  matters  containing  sulphur  and  belonging  to  the  thio- 
diphehylamine  group  (p.  356),  when  FejClg  is  added  to  their  dilute 
acid  solution  containing  sulphuretted  hydrogen. 


Aniline, 
Aniline,  amido-benzene,  phenylamine,  CgHg.NHjj. 

Was  first  obtained  in  1826  by  Unverdorben,  from  the  dry  distillation 
of  indigo,  and  termed  by  him  "  crystalline " ;  then  Runge  found  it  in 
coal  tar  in  1834  and  called  it  "cyanol."  In  1841  i^WtecAe  prepared  it 
by  distilling  indigo  with  potash  and  gave  it  the  name  of  aniline,  while 
in  1842  Zini7i  obtained  it  by  the  reduction  of  nitro-benzene  and  called 
it  "benzidam,"  It  was  accuiateVj  \nvQatig,ated  by  A,  W.  Hofmann 
in  1843. 
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Occmrence.     In  coal  tar  and  also  in  bone  oil. 

Preparalvm.  Since  1864  aniline  has  been  prepared  on  a 
manufacturing  scale  by  reducing  nitro-benzene  with  iron 
filings  and  a  regulated  quantity  of  hydrochloric  acid,  and 
distilling  with  steam.  It  is  a  colourlesH,  oily,  strongly  refract- 
ing liquid  of  weak  but  peculiar  odour,  which  quickly  turns 
yellow  or  brown  in  the  air  and  is  finally  converted  into  a 
leein.  M.  Pt.  -8°,  B.  Ft.  184",  Sp.  Gr.  1036.  It  disaolveB 
in  31  parts  of  water,  has  no  action  upon  litmus,  and  is  a 
breaker  base  than  ammonia  in  tite  cold,  but  displaces  the 
latter  at  higher  temperatures.  It  is  poisonous,  burns  with 
a  smoky  flame,  and  is  a  good  solvent  for  many  compounds 
which  are  otherwise  difficult  of  solution,  e.g.  indigo  and 
sulphur.     The  salts  have  an  acid  reaction. 

The  hehavimr  of  aniline  has  been  investigated  with  the 
utmost  care.  Oxidation  in  alkaline  solution  leads  to  azo- 
benaene,  while  arsenic  acid  produces  chiefly  violaniline, 
CjgHjjNj,  a  violet  colouring  matter  which  also  results  under 
the  oxidizing  infiucnce  of  nitrobenzene.  A  solution  of  free 
aniline  is  temporarily  coloured  violet  by  one  of  bleaching 
.  powder,  this  reaction  being  an  extremely  delicate  one.  A  solu- 
tion in  concentrated  H^SO^  is  first  coloured  red  and  then  blue 
by  a  small  grain  of  bichromate  of  potash.  A  solution  of 
KgCfgO^  produces  in  an  acid  solution  of  aniline  sulphate  a 
P  dark  green  and  then  a  black  precipitate  of  aniline  black, 
which  finally  goes  into  quinone,  C^H^Og.  A  mixture  of  aniline 
and  toluidine  is  oxidizable  to  fuchsine,  mauveine,  etc,,  and 
a  mixture  of  aniline  and  ^-diamines  to  safranines  (p,  503)- 

I  Chlorine  fields  trichlor-aniline  sjid  Iodine  moa-iodo-onilins,  while 

H  oltlorate  of  potHah  and  hydrocblorio  acid  produce  ehlotoDil,  For  the 
H  aiction  of  NjO„  see  diazo-compoundB ;  of  HNO3,  nitraniline;  and  of 
H  HjSOj,  sulpbanilio  acid,  Whon  aniline  ia  heated  with  glycerine  and 
H  GDnceatrnted  Biilphurio  add  in  the  presence  of  nitro-beDzene,  (juinoline 
^^'  Ii  obtAiaed  ;  when  it  ia  boiled  with  sulphur,  thio-auiline,  (CgH^.NUjjgS  ; 
^P«iid  whea  it  ia  heated  with  urea,  dipheDyl-area,  CO(NUCeH,)j,  with 
^B,«liiiiiaAtioD  of  NHj.  Manj  FeactioDa  analogous  to  the  laet-named  are 
■  known. 

I       Salts.     Aailino  hydrochloikln,  CaH^.NH,^,  'H.CX-.  \ra^^  ti^iiNa.- 
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Jess  tables  which  become  greenish-grey  in  the  air  and  distil 
unchanged.  Aniline  sulphate,  (CgHYN)2HjS0^  :  beautiful 
while  pjates,  difficultly  soluble  in  water.  The  double  salt 
with  plfttinic  chloride,  (CgHjN,  HCl)^,  PtCl^,  crystallizes  in 
moderately  soluble  yellow  plates. 

Substitution  Prodnds  of  AnilinA 

Aniline  is  mnch  mora  readily  subetitated  by  halogena  than  benzene, 
an  aqueous  solution  ol  chloriae  or  bromine  cauBing  substitntion  of 
aa  lavjiy  as  three  atoms  of  hydrogen,  whila  iodine  prodnces  mono- 
iodaniline.  Id  the  prepsirattoa  of  mono-clilor-  (or  brom)  aniline,  tlie 
aniline  must  be  ' '  protected "  by  iiaiog  it  in  the  form  of  its  acetyl 
compound,  acetanilide.  When  this  is  suspended  in  water,  it  is  mostly 
transformed  by  chlorine  into  p-dilDT-acetanlllile,  wbicb  reaility  yields 
p-chloc-anilino  on  aaponification  ;  the  latter  forma  colourless  cryfltals, 
M.  Pt  75°,  B,  Ft.  235°.  The  o-  and  m-compounds,  which  are  both 
liquid,  are  prepared  indirectly,  e.g.  by  the  reduction  of  o-  or  m-chturo- 
(or  bromo-)  baozena. 

The  basic  character  is  weakened  in  the  mono-chlor-  (and  brom-) 
anilines  by  the  entrance  of  the  halogen,  this  being  the  case  particularly 
in  the  o-conipounds.  It  is  still  more  Htriking  in  n-trlotilor-aJillinB, 
CiH,Cla(NH2)  (crystals,  volatile  withont  decomposition),  which  do 
longer  combines  with  acids,  o-  and  p-chlor-anilines  are  only  capable 
of  taking  up  two  more  atoms  of  chlorine  with  the  formation  of  triohlor- 
aniline:  NH,:  CI:  CI;  CI  =  1.2.4.6;  m-ohlor-aniline,  on  the  other  hand^ 
can  bo  further  ohlorinated  to  tetra-  and  penta-chlor-anlllnE 

The  Brom-anilinoa  resemble  these  in  every  respect 


Nitranilines. 

Aniline  is  likewise  attacked  far  more  violently  than 
by  concentrated  nitric  acid,  and  therefore,  when  it  is  wished 
to  prepare  the  mono-nitro-compounds,  the  aniline  must  agsica 
be  "  protected,"  either  by  using  its  acetyl  compound  c  • 
by  nitrating  in  presence  of  excess  of  concentrated  snlphori-^ 

acid.      In   the   latter   case  all   three   nitranilines   result^  th 

BMiompound  preponderating.  When  acetaniJide  is  mtral«= 
y-Hitracetanilide,  CjHj{N02)(NH.C2H30),  together  with  sod»- 
of  the  o-compound,  result,  both  of  them  being  easily  sapoiiifi^fc' 
bjr  potash  or  hydrocbloric  !ic\4. 
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The  a-   and  p-nitraailinea  are  also  foruied   upon  heatiiig  D-  tmd 

jhloro-  or  liromo-mtro-bBDzenea,  or  the  etlierg  of  the  correepoDiiing 

o-  and  ^i-nitro-phenolH,  CaH^INOsKO.C.jHs],  or  these  iiitro-pheuola  them- 

■elycB  with  ammanis  to  1S0°,  (cf.  K.  IB,  174!)),      o-Nitraniliiie  may  also 

be  prepared  by  mtrating  aoetyl-eulphanilic  auid.  {B.  IB,  29i), 

The  nitraniiinea  are  further  obtained  by  the  partial  reduction 
of  the  corresponding  dinltro-benzenes,  e.g.  by  means  of  sul- 
phide of  ammonium. 

The  three  nitranilinea  crystallize  in  yellow  needles  or 
prisms,  readily  soluble  io  alcohol  but  only  very  slightly  in 
water,  (cf  table,  p.  341).  The  o-  and  wi-coin pounds  are 
volatile  with  steam,  but  not  ^-nitraniline.  They  go  into' 
phenylene-di amines  on  reduction. 

inverted   into  nitro-phenoU  when 
I  easily  than  the  latter,  thus: 
C8Hi(N0s)(NHa)  +  H.Oa   -   CbH,(NO,}OH  +  NHj. 

M-  and  trl-nltranllineo,  CsHj(NOj)j(NHi)  and  C(H5(N02)3(NH2),  ore 
lewise  known ;    the   latter,   which  ia   termed  Plcramlde,   and  whiuh 

Ctystnlliiea  in  yellow  needlea,  M.  Pt.  186°,  eoinporta  itaelf  as  the  amide 
acid,  since  it  ia  readily  transformed  into  the  latter  compound 

by  aaponifying  agenta,  (cf.  p.  318), 

p-Hltroso-anlllne,   ChHj(NO)NHj,   ia  formed  by  the  action  of  am- 
inium  acetate  upon  ^-nitroso- phenol,  OH  heing  exchanged  for  NH^. 

It  urysballizes  in  blue  needles,  and  is  very  siniilar  to  uitroso-dimethyl- 
liline  in  behaviour,  (cf.  p.  322,  olao  B.  30,  2471). 
For  Anlllne-snlphonlc  adds,  aee  p.  376. 


Alkylated  jinilines. 

Methyl-aniline,  CoH5NH(CHg),  {Hofnmnn),  is  obtained  from 
the  methyl-aniline  of  commerce  {from  aniline  hydi-ochloride 
ithyl  alcohol)  either  by  means  of  its  nitroso-com pound 
or  as  given  at  p.  346,  (cf  B.  10,  327,  588).  It  ia  lighter  than 
water,  and  has  an  odour  liJte  that  of  aniline  but  stronger  and 
more  aromatic. 

Its  sulphate  ia  aolnhle  in  ether  and  u on-crystal lizuble.     A  snUiUoo, 
-Ol  bleaching  poirder  colon ra  it  vtiilut  ami  iheo.  \iiown.     fcic  'v\»  'U''^v<a^ 
/i-toluidiiiii,  sen  p.  343, 


I 
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B-nltroaaniinB,   CbH,.N(NO}(CH,),   is  a  yellow  oil  at 
odour  without  baaic  properties,  which  uttn  l>e  distilled 
lit  not   alone.      It   ehowa   the    Licbermaim  (DitroBo)  reaction, 
1  intensive  "  king's -bine  "  oolonration  when  it  is  warmed  with 
phenol  and  sulphuric  auid,  and  the  mixture  then  diluted  with  water 
and  saturated  with  caustic  potash.     This  reaction  is  charBcteristic  trf 
all  the  nitrosamines  and  of  many  other  nitroao-componnds.     Under  the 
influence  of  alcoholic  hydrochloric  acid  it  undergoes  molecular 
formation     into     p-nitroso-monomathyl-aniline,     C,H,(NO)— NH.CH,^ 
a  compound  precisely  similar  to  nitroso-dimethyi-aniline  and  crystallis- 
ing iu  green  plates  or  steel  blue  prisms. 

Di-methyl-aniline,  C^H5.N{CHg)j,  (Sofmann), 
sharp  basic  odour,  EolidifyiDg  in  the  cold.  Its  salts  are  not 
cryatallizable.  It  combines  with  methyl  iodide,  even  in  the  cold^' 
to  the  compound  N(CgHj){CHg)gI,  which  breaks  up  ioto  ite 
components  upon  distillation.  The  corresponding  ammonium, 
base  is  mentioned  on  p.  348.  Bleaching  powder  only  coloun: 
dimethyl-aniline  a  pale  yellow.  The  H-atom  in  it,  which  is 
in  the  ^-position  as  regards  the  N{CHg)2,  is  easily  esehange^ 
able,  e.g.  for  a  nitroso-group,  when  acted  on  by  N^Og. 
Dimethyl-aniline  consequently  yields  compounds  of  somewhat, 
complex  composition  with  acid  chlorides,  aldehyde,  etc. ;  f<w< 
example,  tetramethyl-diamido-benzophenone  or,  finally,  methyl 
violet  with  carbonyl  chloride,  COClj,  leuco-malaohlte  i 
with  benzoic  aldehyde,  etc.  Mild  oxidizing  agents,  such  i 
chloranil,  convert  it  into  methyl- violet. 

p-mtroso-dlmetliyl-anlllne,  C„H,(N0).N(CH8)a,  crystallizefi  ii 
ful  green  plates  or  tables  of  M.  Pt  86°  ;  its  HCl-salt  forms  yellow 
needles.  It  is  used  for  the  preparation  of  dyes  (methylene  hlnt^, 
iudophcnol,  toluylene  red).  It  is  osidized  by  KMuO.  or  K.FeCy,  1 
p-mtro-dlmothyl-aniUHB,  CaH.(NOa).N[CHj)j,  M.  Pt.  102°  (acompounij 
which  is  also  obtained  directly  together  with  the  m-componad  by  tin' 
nitration  of  dimethyl-aniline),  and  is  reduced  by  nascent  hydrogen  b 
amido-dimethyl -aniline,  C,Hj(NB:3).N(CHa)i,  which  belongs  to  tbi 
p-diamines  (p.  360).  BoCing  with  soda  converts  it  into  nitroso-phonol 
and  dimethylamine.     Since  nitroso-phenol  probably  has,  according  U 

p.  384,  the  formula  CjHj-Cj  (quinoue-Qsime),  the  nearly  related 

'litnMO-diiu  ethyl- aniline  and  itH  \v>jdtoc\i\ot\4B  mas  ^asibly  have  tl 
foUowiog  formulae,  (cf.  B.  SO,  f  ~"' 


m-  AND   TRIPSKNTLAMINES. 


•   *^N(CHj)jCl. 
The  hydrochlaride. 


Di-  and  Tri-phmylammes. 

Diphenjlamine,  (CflH5)2NH,  (ffofmann),  crystalHzeH  in  white 
plates  of  flowery  odour  and  burning  taste  which  are  almost 
insoluble  in  water,  but  readily  soluble  in  alcohol,  ether  and 
Ijgroin,  The  hydrochloride,  Cj^HjjN,  HCl,  ia  a  white 
crystalline  meal  which  turns  blue  in  the  air.  A  solution 
of  di  phenyl  amino  in  concentrated  H38O4  is  coloured  an  in- 
tensive blue  by  traces  of  nitric  acid,  this  reaction  being  a  very 
delicate  test  for  the  latter.  When  diphenylamine  is  heated 
with  formic  acid  and  zinc  chloride,  it  yields  acridine.  It  is 
used  for  the  preparation  of  diphenylamine  blue. 

DlphBiiyl-iiltrosiunine,  (C.HjjjN.NO,  U  obtained  by  the  uaa  of  ethj-l 
nitrite  and  cryataUizea  in  bright  glanciug  yellowiBii  tables.  n-Dliiitro- 
dlplienylamine,  (CjHi.NOjjjNH,  forciB  red  needJes,  and  the  analog^vja 
p-compouDd  yellow  prisms.  Hexa-nltro-dtpbenylamiiLe  cryetallizea  in 
<fe11ow  prisma  and  haa  the  properties  of  a  weak  acid,  this  boinf;  itue  to 
the  acidfying  influence  of  the  nitro-groups  upon  the  imido- hydrogen  j 
ItB  ammoiiinm  salt  is  the  yeliow  dye  Avranlia.  Fof  the  AmldO-  and 
Oiy-componnds  of  dipbeuytaniine,  which  ace  tabulated  on  p.  34),  and 
the  colouring  matters  derivable  from  them,  see  also  safranine  and 
indophenol  (p.  353). 

Uetbyl-dlpheni'laiiiliie,  (C^dIiN.CHj,  is  s  liquid  v'hich  rosuItB  on 
methylating  diphenylamine ;    it  also  is  employed  on  a  manufacturing 

TSio-dlphonylanilne,  CjaHaNS,  =  NH<^«g*>a,  is  obtained  by 
heating  diphouylamino  with  sulphur.  Yellowiah  plates  ;  M.  Pt.  180°. 
May  be  distilled  unchanged. 

TrlpJienylataliiB,  N(C,Hj),,  forniB  large  tables. 


of  Di-phcmjlamtTie. 
{a)  The  Mcthyleue  Blue  gtnu^. 
Tbio-difibuBj-imuine,    wbiah    reaemblea    aitUiracBne,    bbAKibi   *»*■ 
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D  oonBtitution,  is  s.  "  ohromogena "  (see  p.  24),  aince  it  u 

ooDverted  into  IsDCo-compdunHH  of  colourmg  matters  Uy  tbe  entrance  ol 

NHj,  NICHj),,  OH,  etc.  (ef.  rosaniline).     Thus  Dlamiao-thio-dlpheiijl. 

C,H,— NH, 

Lenco-thlonlnB,  HN'<'         _^8      ,  is  the  leiioo- com  pound  trf 

CH^NH, 
Thlonlne,  NC  >S      ,  whose  HCl  salt  is  LantU's  Violet ; 

1       C^j— NH 

hydroohlorida  of  MsUiylene  Blue  (Caro,  1878),  a  very  valuable  blue  dye^, 

C,H,— N(CH,),      ■ 

especially    for   cotton,    has   the   constitution   J!l<f'  >S  _ 

I  ^jH,— N(CHa)»CI 

(SmUlaen,  A.  aao,  1 ;  of,  also  pp.  350  and  380.) 

(5)  Inda,iniiiea  and  Indopheuols. 

Aa  IndamliliB  are  designated,  according  to  Nielzki,  those  green  or  bla« 
colouring  matters  which  ace  produced  by  the  auUon  of  nitroBO- dim  ethyl- 
aniline  npon  ainines,  e.g.  dimethyl-aniline,  or  by  the  conjoint  osidatjon 
of  ji-diamtDes  and  monamines  in  the  cold. 

The  simplest  representative  of  this  class  is  the  indamine  "Phsnflens 
Mue,"  C[jHiiNj,   =   N<^'tt*>jjj'',  which  results  from  the  ozidation  of 

I    '  ''i 

a  mixtare  of  aniline  and  p-phenylene-diainine,  and  is  converted  hg 
reduction  into  p-diamido-diphenylamine,  NHfCjH^.&fHi),  (p.  341).  ' 

" Dimethyl-pheiLylene  Green,"  C,gH,gN„  is  obtained  in  au  analogoBl. 
manner  from  ji-amido-dimctliyl -aniline  and  diraethyl-aniline,  andyietdKi 
tetramethyl-diamido-diphenylamine,  NH[C8Hj.N(CHj)Ja  (p.  341),  oBi 
reduction.  The  indamines  are  unstable  compounds  bat  are  of  impo 
ance  aa  being  intermediate  products  in  the  manufacture  of  safranine. 

Oxygenated  compounds,  Witt'»  "  IndopbenalB,"  ore  likewise  derivcA 
hero  by  the  exchange  of  NHj  or  NlCHj)a  for  Oil,  which  is  achieved  by; 
warming  with  alkali ;  e.g.  Phenol  Blue  (in do-aniline),  N<^"^»'^*'^^»>V' 


is  produced  by  the  oxidation  of  ami  do -dimethyl-aniline  with  phen 
Its  analogue,  a-Mapthol  Blue,  N<Qi"^    A      ''',  prepared  by  means 

napthol  (p.  406),  is  a  colouring  mattiir  which  finds  technical  appli 
Sauh  compounds  exchange  Hl.CHj'ltloi  tiS.  wVeo. VmUed  with  s  solutit 
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phenol-imiiie"),    N<^«^'-^^,  a  dye  of  phenolic  nature  (p,  376).  which 

diBsulvea  in  alcohol  to  a  red,  and  in  ulkaJi  or  ammoaia  to  a  blue  solution. 
It  may  also  he  obtained  by  tha  S(](ion  of  phenol  npon  quinone  chlor- 
imide  (aea  quinonos)  : 


/O  yO 

CsHZ    I         +  CbHjOH    =   CaH.<     | 

^N.Cl  \n-C,H,.( 


/CgHi.OH 
<  +  HCl 

«"inone  I | 

chlor-imide.  Indophenol. 

Iand  also  by  the  oxidation  of  f>-amido- phenol  uith  phenol.  Its  leuco- 
compound  is  jJ-Dloxy-dlphenylajnlne,  NH(CaHj.OH)j,  a  Bubstance  which 
unites  in  itself  tlie  properties  uf  cliphenylamiue  and  a  diatomic  pbeaol. 
(Seep.  376;  cf.  B.  18,  <2S43 ;  IB,  2912.) 


Acid  DerivaM.ves  of  Aniline,  AniUdes. 

Acetanilide,  C8H5,NH,(C2H<,0),  is  moat  conveniently  pre- 
pared by  boiling  aniline  with  glacial  acetic  acid  for  several 
days.  It  crystallizes  in  beautiful  white  prisms  which  are 
readily  soluble  in  hot  water,  alcohol,  ether  and  benzene  j 
M.  Pt.  115°,  B.  Pt.  295°.  It  ii9  easily  sapoiiifiable  (cf.  p.  346). 
Its  imido-hydrogen  is  replaceable  by  sodium  with  the  formation 
of  the  cryBtallioe  Sodium-acetanilide,  C|,Il5.N.Na(C2H30), 
which  is  again  decomposed  by  water  (see  p.  181),  Acetanilide 
is  used,  under  the  name  of  "  antifebrine,"  as  a  medicine  in 
eases  of  fever. 

Ttalo-acetaolUde,  CH,— CS.NHCgHg,  results  upon  heating  aeetanilide 
with  PgSg  (analogously  to  aceto-thiamide,  p.  1S4],  and  from  it  Imido- 
ttdo-compoiuids.  Amldlnea,  etc.  ean  be  prepared  (ef.  p,  1S&).  Acetanilide 
yields  the  dye  Flavaniliue  when  heated  with  zinc  chloiide. 


In  nearly  all  those  compounds  of  the  fatty  aeries  which  are 
ammonia  derivatives  of  alcohols,  aoi<ls  or  alcohol-acida,  and 
which  still  contain  unreplaced  ammoniacal  hydrogen,  the 
latter  can  be  substituted  either  wholly  or  pa,T\Aa.\Vj  Vj  ^ptv-jX, 
tor  the  moat  part  iadlrectly.     The  number  oi  \,\i.es&  i^te'a.'jX* 
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(tolylated,  xylylated,  etc.)  compounds  is  thus  extremely  large. 
Among  them  may  be  mentioned : 

Fhenyl-glycocoll,  /,^.VkTx        *   *»  ^^^^  chloracetic  acid  and  aniline ; 

Phenyl-lmido-butyric  add,  CH3— CCNCgHg)— CHg— CO2H,  from  aniline 
and  aceto-acetic  ether;  Carbanilide  or  diphenyl-nrea,  CO(NHOeH5)2, 
from  aniline  and  carbon  oxychloride,  (cf.  p.  272) ;  Phenyl  cjraiiate, 
COtN.CgHg,  a  sharp-smelling  liquid  exactly  analogous  to  the  cyanic 
ethers,  and  whose  vapour  gives  rise  to  tears,  from  COGI2  and  fased 
aniline  hydrochloride ;  Phenyl  isothiocyanate,  CeHgNrCS,  (B.  Pt.  220**), 
a  liquid  possessing  all  the  characteristics  of  the  mustard  oils ;  Diphenyl- 
thio-urea,  CS(NHCeH5)2,  from  aniline  and  carbon  bisulphide,  (glancing 
plates,  M.  Pt.  154°,  decomposed  into  phenyl  isothiocyanate  and  tri- 
phenyl-guanidine  by  boiling  with  concentrated  HCl) ;  Mono-,  Tri-,  and 
Tetra-phenyl-thlo-ureas;  Phenylated  goanldineB,  etc.,  (cf.  table,  p.  341). 


Homohgues  of  Aniline. 

1.  The  three  Toluidines,  C6H4(CH3)(NH2),  result  from  the 
reduction  of  the  three  nitro-toluenes,  ^-toluidine  (Muspratt  and 
Hofmanriy  1845)  being  solid,  and  o-toluidine  liquid;  they  are 
also  present  in  coal  tar. 

The  crude  nitro-toluene  of  commerce  yields  a  mixture  of  o-  and  p- 
with  a  little  m-toluidine  upon  reduction  ;  the  two  first  may  be  separated 
from  one  another,  e.g.  by  taking  advantage  of  the  relatively  sparing 
solubility  of  2?-toluidine  oxalate,  (cf.  B.  16,  908). 

m-Toluidine,  which  is  liquid,  may  be  prepared  from  m-nitro- 
toluene  or  m-nitro-benzaldehyde,  (cf.  B.  15,  2009). 

The  boiling  points  of  the  three  isomeric  toluidines  are  almost 
identical  (see  table,  p.  341),  but  the  melting  points  of  their  acetyl 
compounds  differ  widely,  the  o-compound  melting  at  107%  the  p-  at 
147°,  and  the  m-  at  65° ;  these  are  therefore  of  value  for  the  character- 
ization of  the  toluidines.  o-Toluidine  is  coloured  violet  by  a  solution 
of  chloride  of  lime,  and  blue  by  sulphuric  and  nitrous  acids  and  also  by 
ferric  chloride,  but  not  2?-toluidine.  For  their  conversion  into  fuchsine 
by  oxidation,  see  p.  451.  If,  during  oxidation,  the  amido-group  be 
protected  by  the  introduction  of  acetyl,  the  methyl  can  be  oxidized 
to  carhoxyl  and  in  this  way  an  (acetyl  derivative  of)  amido-benzoic  acid 
obtained,  while  the  amido-compoxxn^E  «x^  \xAXksiQ>tmfid  into  azo-com- 
pounda  by  JIMn04. 
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Componnda  sacli  as  Sletbyl-  ami  dimethyl -ji-toluidines,  acettolulde, 
CaH^[CHaJ.NU(CjHsO),  dl-tolylamlno,  |CaH,.(.Hj|.,NH,  phenyl-tolyl- 
■mine,  NH[CjHJ(C,Hj.CHa),  nJtro-talultllnes,  (.'8H„(CH3)(NOa)(NIL,), 
etc,  have  been  prepared  in  large  niinibera,  and  are  in  every  respect 
wmilar  to  the  corresponding  phenyl  compoondB. 

2.  Isomeric  with  the  toluidiiies  is  : 

Benzy lamina,  CgH^ — CHyNHj,  the  alcoholic  amine  of 
benzyl  alcohol,  a  colourless  basic  liquid  which  distils  un- 
]ged.  It  is  beat  prepared,  at  first  as  the  acetyl  cona- 
pouod,  CaHg— CHyNH(C2H30),  by  heating  benzyl  chloi-ide, 
C0H5-  CHjCl,  with  a«etamide,  NHg(CaH30).  Its  behaviour 
IB  entirely  analogous  to  that  of  methylamine,  as  the  phenyl 
derivative  of  which  it  is  to  be  regarded,  (cf  p.  346). 

3.  XylldlnBB,  CjH3(CH3)5.NH2.  According  to  theory,  these  may 
exist  in  sis:  modificationa,  all  of  which  are  known,  AmUo-o-xjltau 
(CH,:CH,:NH5  =  1;2;4)  is  solid,  melting  at  49°,  while  the  other  five 
»re  liquid.  The  boiling  points  lie  between  212°  and  226°.  The  sylidino 
of  Gommerce  contains  five  of  these  componnda.  but  principally  in-iyUdlne 
(CH,:CH,:NH,  =  1:3:4),  E.  Pt.  212°,  and  p-xyllillnB  (1:4:2) ;  it  is  nsed 
(or  the  manufacture  of  azo-dyea. 

4.  Amiflo-tnmBthyl-lienioneB,  CsHjfCHjjjNHr  The  hydrochloride 
of  amido-trimethyl -benzene  is  formed  when  HCl-xylidine  is  heated  with 
methyl  alcohol  to  about  30(1°.  In  thia  way  there  have  been  prepared  ip- 
(Pa8udo-)inmildaieoramirfo-pseurfo-rH»ie7ic(CHs:CH3:CHj:NHa  =  1:2:4:5), 
M.  Pt,  63°,  li.  Pt.  235°,  and  MSBldlne  or  amido-mfailylfne  (1:3:5:2),  a 
liquid,  B,  Pt,  230°.  V-*- """'''''»'  's  also  used  for  manafacturing  azo- 
dyea. 

laomeric  with  the  above  bases  are  ftmido  -  ethyl  -  benzene 
C,H,.(Nil,)(C^s),  and  amldo-propyl-henisBiia,  C5Hj(NH^)(C3H;l,  of 
which  the  p-modificatiouB,  for  inatsnce,  are  obtained  by  heating  aniline 
with  the  alcohol  in  qaeation  and  chloride  of  Ktno. 

6,  Amldo-lBobutyl -benzene,    CsHi(NHu)(CiHg),    has    likewise    been 

Tetramethyl-amldo-benzeneB  [amido-dwrene,  jireknitliJie), 
C,H(NH,)(CH3)^,  Hi-iaocymldlne,  CsHs(NH,)(CH3KC3H,),  and  pent*- 
metliyl-aiiilda-benzBiie,  C^NHgXCHg),,  are  also  known. 


Diamines,  Triamines,  etc. 

Of  the  Phenyieae-diaialiiefl,  C8Hj(NH,j)<„  thoIoB^a,■wml■^^l■Q^V2^™■<^ 
J844)  IB  the  moBt  easily  prepared,  by  redualng  in-&uA\xQ-\wai»io».   "Vh 
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crystallizes  in  tables.  Nitrous  acid  converts  it  into  Bismarck  brown, 
the  presence  of  the  merest  trace  of  this  acid  being  shown  by  the  yellow 
colouration  it  gives  with  the  diamine,  (cf.  B.  14,  1015).  Para- 
phex^lene-diamlne  {Hofmann^  1863),  crystallizes  in  plates  and  its 
HCl-salt  in  white  tables ;  an  acid  solution  of  it  yields  the  violet  dye 
thionine  (p.  356)  with  H^S  and  FegCl^.  Its  unsymmetrical  dimethyl- 
derivative,  7)-amido-dimetli3rl-aiiUine,  CeH4(NH<2)[N(CH3)2],  which  may 
be  prepared  as  given  at  p.  349,  but  most  easily  by  the  reduction  of  the 
azo-dye  helianthin  (p.  371 ;  B.  16,  2235),  gives  methylene  blue  with 
Fc^Cl^  and  HgS,  this  being  the  most  delicate  test  for  sulphuretted 
hydrogen  known,  and  it  is  coloured  a  magnificent  purple  by  Fe2Cle 
in  dilute  neutral  solution.  Ortbo-phenylene-dlamlne  [OriesSf  1861), 
is  transformed  into  hydro-phenazine  (p.  502)  when  heated  with  pyro- 
catechin. 

o-;7-Toluylene-diaxnine,  CeH3(CH3)(NH2)2  (1:2:4),  is,  as  a  m-diamine, 
easily  obtained  by  reduction  of  the  common  dinitro-toluene  (p.  338). 
It  is  used  for  the  preparation  of  toluylene  red,  etc.  m-p-Toluylene- 
dlamlne,  06H3(CH3)(NHs)2  (1:3:4),  is  the  o-diamine  which  is  most  easily 
prepared,  viz.,  by  nitrating  acet-jo-toluide,  saponifying  and  reducing. 

The  Xylylene-dlamines,  CeH3(CH3)2(NH2)2,  are  homologous  with  the 
above. 
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HYDRAZINES. 

A.  Diazo-Compounds. 

The  primary  amido-compounds  of  the  benzene  series  differ 
characteristically  from  those   of   the    fatty  series    in    theii* 
behaviour  towards  nitrous  acid.     The   latter  are  converted^ 
into  alcohols  by  NgOg  without  the  formation  of  intermediate^ 
products,  (cf.  p.  114): 

C2H5.NH2  +  NO.OH  =   C2H5.OH  +  N2  +  HgO. 

The   aromatic   amines   can   indeed  undergo  an  analogous^ 

transformation,  but  there  result  in  their  case  well-characterized 

intermediate  products,  the  so-called  diazo-compounds,  which. 

are   of  especial   interest  \>o\\i  ^c\e.w\iv^c"allY  and  technically 

(cf.  p.   379).     They  were  diacoNet^^  Vj  P.  Orw5s&  \b.  \^^^ 
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and  were  carefully  investigated  by  him,  {A.  131,  257;  137, 
39) ;  their  constitution  was  elucidated  by  KekuU. 

Formation.  Whan  nitrogen  trioside  is  led  into  a  cream 
of  aniline  nitrate  and  dilute  nitric  acid,  the  aniline  salt 
dissolves  and  a  liquid  is  obtained  from  which  alcohol  and 
ether  precipitate  beautiful  long  white  needles  of  diazo-benzene 
nitrate,  (CgHjNgj.NOa.  These  are  tolerably  stable  in  dry  air 
but  quickly  decompose  in  moist,  and  they  are  distinguished 
by  the  violence  with  which  they  explode  when  lieated  or 
struck.  The  base  itself,  diazo-benzene  (p.  364),  appears  to 
have  the  formula  (CflH^— Nj)OH,  juat  as  the  base  KOH 
corresponds  to  the  salt  KNOy 

In  a  similar  manner  other  salts  of  diazo-benzene,  e.g.  the 
chloride,  CflH5Nj.CI,  and  the  sulphate,  (CeH^Njj.SO^H,  are 
obtained  irom  anihne  hydrochloride  and  sulphate  in  the 
presence  of  free  acid.  Double  salts  with  PtCI^,  AuClg,  etc.,  are 
also  known.  The  homologues  of  aniline  and  the  diamines  show 
a  similar  behaviour,  e.g.  ^-toluidine  yields  salts  of  diazo-toluene, 
e.g.  C6H,(CH3)N2.C1. 

Most  of  the  diazo-compoimds  are  prepared  only  in  aqueous 
solution,  and  not  in  the  solid  form,  on  account  of  their 
instability  and  tendency  to  explode.  One  moL  aniline,  for 
instance,  is  disaolved  in  two  or  more  inols.  hydrouhloric  acid,  and  the 
Baluulated  quantity  of  a.  solution  of  sodinm  nitrite  is  dlowed  to  flow 
into  it,  the  whole  being  eooled  by  ice.  The  liquid  must  remain  clear 
nitrogen  ta  apeak  of  uiuet  be  evolved.  Any  excess  of  nitrons 
n  be  got  rid  of  by  blowing  air  through  the  solution.  OcCEisionaUy 
the  amido-compoond  diasolved  in  conoentra,ted  anlphuric  a«id  is  treated 
with  NjOj. 

The  formation  of  the  diazo-compounda  is  shown  by  the 
following  equation : 

'^Aglgij/'l™'   -   O.H.N-N.NO,  +  2H,0. 
Diazo-beii£eue  nitnite. 
The  conversion  of  amido-  into  diazo-compounds  is  termed 
diazotizing." 

The  constitution  of  the  diazo-compounds,  e.g.  C^K,,-^=^-*5i 
C^N=N — SQ,H,  ibilowa  especiarWy  Itom  tWe,  V-sq  x*- 
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actions :  1.  from  their  transformation  into  hydrazines  upon 
reduction;  2.  from  the  formati  ^n  of  azo-dyes  by  the  action  of 
diazo-compounds  upon  many  amines  and  phenols. 

Many  of  the  properties  shown  by  the  diazo-compounds  admit  of 
an  easier  explanation  if  one  makes  the  assumption  that  they  are  also 
capable  of  reacting  as  if  they  were  constituted  according  to  the  other 
hypothetical  formula,   CgHg — NH — NO  (    =  free  diazo-benzene),   or 

CjHg — NH — N<^    (diazo-benzene  chloride)  (Caro,  Ost.;  cf.pp.  265-6). 

Behaviour.  1.  Towards  water.  An  aqueous  solution  of  a 
diazo-salt,  especially  one  containing  sulphuric  acid,  gives  ofiF 
all  its  nitrogen  in  the  form  of  gas  upon  warming,  and  there 
results  a  phenol,  thus : 

N=N 


X^ 


'^  =  CeHg.OH  +  Nj  +  HCl. 


This  reaction,  which  is  of  very  universal  application,  there- 
fore allows  of  the  exchange  of  amidogen  for  hydroxy! 

2.  Towards  alcohol.  When  diazo-compounds,  either  in  the 
solid  state  or  dissolved  in  concentrated  sulphuric  acid,  are 
heated  to  boiling  with  absolute  alcohol,  the  diazo-group  is 
generally  replaced  by  hj^drogen.  In  this  reaction  the  alcohol 
gives  up  two  atoms  of  hydrogen  and  goes  into  aldehyde : 


CeHg 


N=N 


g^  =   CeHe  +  N,  +  HCl. 


By  this  means  we  are  enabled  completely  to  eliminate  a 
diazo-group  and  therefore  an  amido-  one  from  a  benzene 
derivative. 

Instead  of  this  reaction  there  occurs  in  many  cases  an  exchange  of 
the  diazo-group  for  the  alcohol  radicle,  O.CgHg,  with  the  formation  of 
ethyl  ethers  of  phenol ;  thus  chlorinated  cresol  ethyl  ether  results,  in 
place  of  chloro-toluene,  from  chlorinated  toluidines,  (B.  17,  2703;  21, 
978). 

2a.  Under  certain  conditions  stannous  chloride  acts  in  an  analogous 
manner,  while  under  others  it  gives  rise  to  hydrazines  (p.  372). 

2b.  In  like  manner  NH2  may  be  replaced  by  H,  by  first  converting 
an  amido-compound  into  a  hydrazine  and  then  decomposing  the  latter 
with  CUSO4,  {Baeyer). 

3.  When  a  diazo-com^^oxxivA.  \s  -v^Tccifc^  ^^  ^  ^ks^^^ss^- 
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trated  solution  of  caproua  chloride  in  hydrocbloric  acid,  the 
diazo-groiip  ia  replaced  by  chlorine  (SfindmeJ/er,  B.  17,  1673); 
the  B&me  reaction  takes  place  on  diBtilling  tlm  platinum  double  italt  of 
the  diaza-Goinpound  with  soda,  and  Bonie times  on  aiiaply  treating  the 
dinEO-compoand  itself  with  fuming  hydrochloric  acid  : 

C6Hb.N=N.C1  =  C(,H,C1  +  Ny 
4.  Warming  with  cuprous  bromide  yields  in  the  same  way 
&  bromine  compound  {Sandmeyer,  B.  18,  HS2),  and  treatment 
with  hydriodic  acid  or  potasBiiim  iodide  an  iodine- one,  while 
cuprous  cyanide  eiTects  an  exchange  of  the  amido-group  for 
cyanogen,  (B.  17,  2650) : 

2CnH5.N3.CI  +  Cu^Er,   =    aCoH^Br  +  Cu^Clj  +  N^; 
CsH,.N2.Cl  +  KI   =  CeHjI  +  KCl  +  N,i  etc. 

The  NHj-group  may  further  be  eKcbnnged  for  Br  by  boiliug  the 
diazo-perbromideB  (see  diazo-benzene  perbromide)  with  ahaolnte 
alcohol. 

Phenyl  sulphide  results  from  diozo-benEene  chloride  and  sulphuretted 
hydrogen,  (cf.  B.  Ifi,  16SIt]. 

The  reactions  1  to  4,  which  are  classed  together  tinder  the  name  of 
the  Orifss  reaction,  are  invaluable  for  effecting  the  exchange  of  nitro- 
or  amido-groaps  for  OH,  H,  CI,  Br,  I  and  CN,  and  are  cooatantiy  made 
XUK  of  in  the  laboratory. 

The  diazo-group  is  also  exchangeable  for  the  nitro-  one, 
{Sandirt^yer ;  cf.  also  p.  337). 

6,  When  a,  diazo-compound  acts  upon  a  primary  or  secondary 
amine,  or  when  N„Oj  acta  upon  such  an  amine  in  the  absence  of 
acid,  diazo-amido-compounda  result,  and  these  readily  change 
into  amido-azo-compounds.     The  latter  are  formed  directly  by 

I     the  action  of  the  diazo-compounds  upon  tertiary  amines  : 
C^a.N=N.a  +  NHj-CoH,  =  HCl  +  CaHi.K=N— NH.C^,; 
Diazo-  amido-henzen  e, 
C,H,.N=N.C1  +  C6Hj.N(CH3),j  =  HCl  +  CpH,— N=N— CeH,.  MtCHj),. 
Dimethyl-amido-  azobenzene. 
I  Analogous  reactions  also  take  place  with  the  Tn-diamines  and  with 

L  phenols,  oxy-oxo- compound B  being  formed  in  tlie  latter  i^ase.  (see  p,  iIGS). 
I  The  production  of  the  orange-red  dye  by  the  action  oS  iuKm-oonx^nsiift 
L    i^paa  m-pbenyieae-daiahte  or  iS-naphthol  ia  b  'ver;  dfi&CA\A  ^ft&'b  Icn  *■!&» 
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The  Balta  of  the  ciiazo-compoumls  are  coloiirleaa  and  frequenUf 
cryatrtlliie  well ;  they  often  decompoae  with  violeut  exploeion  in  ths 
air  or  upon  lieing  kept.  Most  of  them  are  easily  soluble  in  waterj 
slightly  Bolablc  in  alcohol,  and  insoluble  in  ether. 

Dtoo-benasne  nitrate,  CaHj— N^N.tNOj)  {p.  361).     Long  needlea. 

Diaio-benzene  aulplmte,  CsHj.N^N.fSO^H),  is  a  syrupy  mass  which 
eolidiliea  to  prisms  ;  it  explodes  at  160°. 

Diaza -benzene  perbromlde,  C,H,N=N.Br.Brj,  is  a  daj-k  brown  oil, 
solidifying  to  yellow  cryatalline  plates,  which  results  upon  the  addition 
of  EBr  or  RBr  and  bromine  wuter  to  diazo-salts.  Two  of  its  atoma  of 
bromiue  are  only  loosely  linked.  Ammonia  converts  it  into  iliaeo- 
benzene-iroide,  thus ; 

C5H5.N=H".Br  +  Brj  =  CaH,.NBr— NBtj 

Diazo -benzene  perbromide. 
C,HB.NBr-NBra  +  NHj  =  C8Hj.N<]^  +  3HBr. 


Diaso-beu  zene  -imid  e. 
When  concentrated  potnsh  solution  acts  upon  diazo-beoKene  nitrate 
DlazD  bemene-iM>taEslumoxlde,€eHgN=N(QK),iBfarmed.  Itcryatallizea 
in  white  glnncing  mother- of- pearl  plates,  readily  soluble  in  water  and 
alcahol  and  easily  decomposable,  and  from  its  aqueous  solution  metallic 
salts  precipitate  other  metallic  compounds,  e.g.  the  very  eitploaive 
DUio-betueue-idlTBr  oxide,  C^,N=N — O.Ag.  The  free  Dlazo-beniena, 
C^s.N=!N.OH,  is  precipitated  from  the  potassium  salt  by  acetic  acid 
as  a  heavy  oil  which  rapidly  decomposes  of  itself. 


B.  Diazo-amido-compounda 

The  (liazo -ami  do-co  ID  pounds  are  pale  yellow  crystalli 
substances  which  are  stable  in  the  air  and  do  not  combi] 
with  acids. 

Formation.    See  preceding  page. 

Behaviour.     1.  The  diazo-amido-compounda  behave  in  pretqf 
mucJi  tie  same  WB.y  as  tW  i\a.ao<yiiQ'^«.nils,  Bince  they 
OBuaUy  broken  up  m  tlie  teat  niB.XaiM»>  Salwi  "SaKa 
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£azo-beiizeiie  (salt)  and  amine,  the  former  then  eoteriTig  into 
reaction.  Thus  diazo-amido-benzene,  for  example,  yields 
phenol  and  aniline  when  boiled  with  water  or  hydrochloric 
acid,  while  with  hydrobromic  acid  it  gives  bromo-benzene  and 
aniline. 

Tbege  reactians  are  eaa;  to  recogniee  from  the  accompaaying  evolu- 
tion of  nitrogen. 

2.  By  the  renewed  action  of  nitrous  acid  in  acid  Bolution,  they  are 
oomplett'ly  traneforuied  into  diazo-coropoundH,  e.g.  : 

CbH,.Ns.NH.C8H,  +  NO3H  +  2HC1  -  2C8H,.N5.C1  +  2HaO. 

3.  Most  of  them  readily  undergo  molecular  transformation 
into  the  isomeric  amido-azo-compoands,  [KelaiU). 

This  molecular  rearrangement  takes  place  particularly  easily  in  pre- 
tence of  an  amine  hydrochloride,  which  a  explained  by  the  action  of  the 
latter  npan  the  diazo-anudo- com  pound,  thus  : 
C8Hj.N,,NH.C5Hj  +  CgHs-NHj  =   C,H|,.Ni.C„Hj.NHg  +  C„Hj.NHi. 

In  the  above  reaction  the  aniline  (i.e.  the  aniinc)  is  continually  being 
regenerated,  bo  tbat  a  small  quantity  of  it  suffices  for  the  transforma- 
taon.  The  nitrogen  of  the  amine  here  takea  up  the  para.poaition  with 
regard  to  the  aao-gronp  ( — N  =  N — ). 

This  Dtalecular  rearrangement  is  easy  to  effect  in  the  case  of  the 
diazo-amido-eompounds  of  aniline  and  aiso  in  those  of  0-  and  m-toliiidine, 
but  more  difficult  in  the  case  of  the  ji-compound  ;  in  71-toluidine  the 
para-poaition  is  already  taken  ap  by  CBg,  eo  that  another  position  (the 
ortho-)  must  be  occupied  here.     {Cf.  p.  371.) 

4.  The  imido- hydrogen  of  the  diozo-amido- compounds  is  replaceable 
by  Ag,  etc. 

Conntit-ation.  By  the  action  of  diazo-benaene  chloride  upon  ji-tolui- 
dine  there  reaults  "diazo.henzene-71-toluide,"  which  would  thus  appear 
to  poaeeas  the  formula  : 

CaHj— N=N— HH— C,Hj        (I.). 
Bat  the  Bame  componnd  is  also  obtained  from  a  mixture  of  diazo- 
y-tolnene  chloride  and  aniline,  a  reaction  which  would  indicate  its 
oonBtitution  to  be ; 

C,H,-NH-N=N-C,H,        (U.). 
It  is  all  the  more  difficult  to  decide  which  of  these  two  formulie  is 
the  right  one,  from  the  fact  that  most  of  those  "  mixed  diazo-amido- 
flomponnds  "  react  as  if  they  had  both  of  the  aboTe  uonirt.YtoWQ'ft*.   Ttosa, 
the  oompoaud  juat  mentioneA  is  boiled  witVv  ASiMVo  a^A^^wiws  wiA^ 
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it  yields  not  only  phenol  and  jp-toluidine  (according  to  I.),  bnt  also 
aniline  and  poreaol  (according  to  11.).  Cf.  e,g,  6.  18,  3239;  ao,  3004; 
ai,  548,  1016. 


Piazo-amido-benzene,  CgHg — N=N— NHCgHg  (Oriess). 

Preparation.  By  adding  NaNOg  (1  mol.)  to  the  solution  of 
aniline  (2  mols.)  in  HCl  (3  mols.),  and  saturating  with  sodium 
acetate,  (B.  17,  641). 

Properties.  Bright  yellow  glancing  plates  or  prisms,  insoluble 
in  water  but  readily  soluble  in  hot  alcohol,  ether  and  benzene. 
M.  Ft  98°.    Far  more  stable  than  the  diazo-compounds. 

0.  Azo-compounds. 

While  the  reduction  of  nitro-compounds  in  acid  solution 
leads  to  the  aromatic  amines,  the  use  of  alkaline  reducing 
agents  such  as  sodium  amalgam,  zinc  dust  and  caustic  soda, 
and  also  potash  and  alcohol,  gives  rise  for  the  most  part  to 
intermediate  products,  the  azoxy-,  azo-  and  hydrazo-com- 
pounds : 

CgHg — NO2,  Nitro-benzene. 

I  >0  II  I 

CeH,-N  CeH^-N  CgH.-NH 

Azoxy-benzene.  Azo-benzene.  Hydrazo-benzene. 

GqH.^ — NHg,  Aniline. 
Of  these  the  azo-compounds  are  the  most  important. 


1.  Azoxy-compounds. 

The  azoxy-compounds  are  mostly  yellow  or  red  crystalline  substances 
which  result  from  the  action  of  alcoholic  potash,  and  especially  of 
potassium  methylate  (B.  16,  865),  upon  the  nitro-compounds.  Many  of 
them  may  also  be  obtained  by  the  oxidation  of  azo-c<  impounds.     They 

are  of  neutral  reaction  and  ate  vex'j  Tea.d\Vj  changed  into  azo-com- 

poundSf  etc.  upon  reduction. 


^V^  HYDKA20-  AND   AZ0-C0MPOUND3.  367 

Aioiy-tionzBne,   (CjHjJaNjO  (Ziiiin),  forma   piJe  yellow  needlaa  of 
Pt.  36°,  inaoJobla  in  water  but  easily  soluble  in  nlcobol  and  other. 
Concentrated  sulphuric  acid  traufiformB  it  into  the  isomeric  ji-oxy-azo- 
-benzene,  C8H,N=N— CaH.OH. 


2.  Hydrazo-corapoucda. 

The  hydrazo-compoimds  are  colourless,  crystalline  and  of 
neutral  reaction,  and— like  the  azo-corapountla— they  cannot 
be  volatilized  without  decomposition ;  for  instance,  hydrazo- 
benzene  decompoees  into  azo-henzene  and  aniline  when  heated. 
They  are  obtained  by  the  reduction  of  azo-compounde  by 
sulphide  of  ammonium  or  zinc  dust.  Oxidizing  agents  such  aa 
ferric  chloride  readily  transform  them  into  azo-compounde, 
into  which  they  also  change  slowly  in  the  air  alone.  The 
stronger  reducing  agents,  e.g.  sodium  amalgam,  convert  them 
into  amido-compounds. 

Strong  acids  cause  them  to  change  into  the  isomeric  deriva- 
tives of  diphenyl  (p.  438);  thus  from  by drazo -benzene  and 
hydrochloric  acid  there  results  benzidine  chloride  (p.  439) : 

CoHj— NH— NH— C^H,  ^  MH^— C,H,— CflH,— NH^ 

Cenzidine. 
TMh  molecnlar  reftrrangement  does  not  take  place,  or  at  least  only 
with  difficulty,  if  the  hydrogen  which  occupies  the  para-position  to  the 
imido-group  is  replaced  by  other  groups. 


Hydiaao-bensena,  CbHb— NH— NH— CgHj  ( ffo/mttnn),  forms  coloui-- 
tesa  plates  of  camphor-like  odour,  which  are  only  slightly  soluble  in 
water,  but  readily  soluble  in  alcohol  and  ether;  M,  Pt.  131°.  The 
imjdo-hydrogen  atoms  arc  replaceable  by  acetyl-  or  nitroso-gronps. 


3.  Azo-compounds. 

The  azoKiom pounds  are  red  or  yellowish-red  crystalline 
indifferent  substances  insoluble  in  water  bat  so\\\\>\«  "wi  ^laJvi'^, 
some  of  t/iem,  e.g.  jiiio- benzene,  buini;  cn^aXAe  o'i  iJi&'t&iS^viw 
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without  change.  Oxidizing  agents  convert  them  into  azoxy-, 
and  reducing  agents  into  hydrazo-  or  amido-compounds. 
Chlorine  and  bromine  act  as  substituents. 

The  so-called  '*  mixed  "  azo- compounds,  which  contain  a  benzene 
radicle  and  an  alcoholic  radicle  of  the  fatty  series,  are  also  known,  e.g. 
Azo-phenyl-ethyl,  CgHg— N=N-— CgHg,  a  bright  yellow  oil. 

Modes  of  formation.  1.  By  the  cautious  reduction  of  nitro- 
or  azoxy-compounds,  e,g,  by  means  of  sodium  amalgam,  an 
alkaline  solution  of  stannous  oxide  (B.  18,  2912),  etc. 

2.  By  distilling  azoxy-benzene  with  iron  filings. 

3.  By  the  oxidation  of  hydrazo-benzene. 

4.  By  the  oxidation  of  amido-compounds,  e.g,  together  with 
azoxy  compounds  by  means  of  KMnO^ : 

2C6H5.NH2  +  02  =  CeHg— N=N-CeH5  +  2H2O. 

5.  By  the  action  of  nitroso-  upon  amido-compounds.  In  this  way 
azo-benzene  is  obtained  from  nitroso-benzene  and  aniline  acetate  : 

CgHg-NO  +  NH2.C6H5  =  Ce^g-N=N-C^K,  +  HaO. 


Azo-benzene,  CgHg — N=N — CgHg  (Mitscherlich,  1834), 
crystallizes  in  beautiful  large  red  plates ;  M.  Pt.  66°,  B.  Pt 
293°. 

Azo-tolaenes,  QH4(CH3)— N=N— C6H4(CH3).    All  three  are  known. 


4.  Amido-azo-  and  Oxy-azo-compounds. 

Amido-groups  or  hydroxyls  are  capable  of  entering  into 
azo-benzene  etc.,  whereby  amido-  and  oxy-azo-benzenes  are 
formed,  thus : 

CeH5-N=N-C6H,(NH,)       C«H,-N=N-  CeH,(OH). 

Amido-azo-benzene.  Oxy-azo-benzene. 

The  former  are  at  the  same  time  bases  and  azo-compounds, 
and  the  latter  azo-com^ouivds  and  phenols  (i.e.  weak  acids,  of. 
p.  31%). 
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FoTTTiaiKn.  I,  Amido-azo-benzene  ia  obtained  from  azo- 
benzene  by  firet  nitrating  it  and  then  reducing  the  resulting 
mononitro-azo-benzsne. 

2.  Oxy-azo-benzena  results  from  azony  b  by  w  m  ng  it  tt-itli 
.BoeDtrated  Bulphnric  acid,  (cf.  p.  367). 

3.  Amido-azo-coni pounds  are  also  f  n  1  bj  the  molecular 
rearrangemeut  of  the  diazo-amido-c  up  nd  a  ding  to  p. 
365,  i.e.  in  a  manner  indirectly  by  th  at  n  f  d  azo-benzene 
etc,  upon  primary  or  secondary  amin 

4.  The    corresponding    amido-compounds,    whose    amido- 
hydrogen  la  subatituted,  result  directly  from  the  action  of  diazo- 
compounda   upon   tertiary   aminea,    (cf.    p.  363).      With   ?7i- 
diaminea,  the  diazo-compounds  yield  diamido-azo-benzenes ; 
CaH5.N=N.Cl+C(H^(NH5)2  =  CeH^N"=N-CfiH3.(NH2)2+HCl. 

ChryBOidin. 

Oxy-azo-eompounds  result  in  an  analogous  roanner  by  the 
action  of  diazo-compounds  upon  phenols  : 
CoH,N=N.Cl  +  C^HjOK   =   CaHsN-N— CeH.OH  +  KCl. 

Reactions  of  this  kind  take  place  especially  with  resorciu 
and  the  phenole  of  the  naphthalene  series  (p.  466). 

The  amido-  and  oxy-azo-componnda  are  yellow,  red  or  brown 
in  colour  and  crystalline,  and  are  mostly  inaoluble  in  water  but 
moderately  soluble  in  alcohol  They  poBaeaa  the  character  of 
dyes  (azo-dyes),  the  chromogenic  character  of  the  azo-benzene 
being  developed  by  the  entrance  of  the  salt^forming  groups 
NHj  etc.  or  of  OH  (cf.  p.  24).  Thua  faintly  acid  solutions  of 
amido-azo-benzene  colour  wool  and  silk  a  beautiful  yellow 
("Ajiiline  yellow"),  and  Chryaoidin,  CiaH^gN^  HCl, 'ia  an 
orange-red  dye.  To  this  class  also  belongs  Vesuvine  or 
Bismarck  brown  (see  below). 

Instead  of  these  compounds  themselves,  their  sulphonic 
acids  (p.  376)  are  generally  used  as  dyes ;  thua  the  so-called 
"faat  yellow"  {"  Editgelh")  ia  the  sodium  salt  of  amido-azo- 
benzene-aulphonic  acid. 

The  djrea  whiiib  ue  dei'ivatives  o£  amido -aao-beniene  01*^  ^a^iwA- 
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Chrysotdines,  and   those  which  are  derivatives   of    oxy-azo-benzene, 
TrojxBolines. 

Of  especial  importance  are  those  azo-dyes  which  contain  a  naphthalene 
radicle  in  the  molecule.  They  are  formed  in  a  manner  exactly  analogous 
to  the  compounds  mentioned  above,  the  two  naphthylamines,  CioH7.NB[2) 
and  the  a-  and  /3-naphthols,  C10H7.OH,  possessing  respectively  complete 
aminic  and  phenolic  characters,  and  their  sulphonic  acids  being  very 
active  chemically.  They  dye  yellow,  orange,  red,  brown,  violet  and 
even  blue.  Worthy  of  special  mention  is  Orange  n.,  CgH4(S08Na)— N 
=N — CioHg(OH),  which  is  obtained  from  diazo-benzene-snlphonic  acid 
and  /3-naphthol. 

The  amido-group  in  amido-azo-benzene  may  be  diazotized,  as  given 
above,  and  the  resulting  diazo-compound  is  now  capable — like  diazo- 
benzene  chloride — of  yielding  azo-compounds  with  amines  or  phenols, 
Disazo-  (tetrazo-)  compounds,  as  they  are  termed,  (B.  15,  25) ;  e,g, 
CgHj— N=N— CgHi— N=N— CeH4.  OH,  (B.  9,  628).  Many  of  the  most 
valuable  azo-dyes,  such  as  Biebrich  scarlet,  Grocoin  scarlet  etc.  are 
derivatives  of  such  diazo*  compounds. 

Trls-azo-compounds  also  exist,  (B.  10,  2028). 

In  the  formation  of  azo-dyes  of  this  nature,  the  azo-group 
always  takes  up  the  para-position  to  the  amidogen  or  hydroxyl 
if  possible.  Should  this  be  already  occupied,  it  goes  into  the 
ortho-position.  This  point  is  elucidated  by  the  examination 
of  the  decomposition  products  which  result  upon  reduction. 
The  azo-dyes  are  broken  up  at  the  point  of  the  double  bond 
by  tin  and  hydrochloric  acid  and  by  sulphide  of  ammonium, 
two  amido -compounds  resulting,  thus  : 

CeH5-N=N-C6H4N(CH3)2  +  2H2  =  CeHgNHa+CeH^CNHJ-NCCHa)^. 

The  chemical  nature  of  an  azo-dye  is  thus  often  easily  arrived  at  by 
investigating  these  decomposition  products.  Upon  this  reaction  also 
depends  the  method  of  introducing  new  amido-groups  into  amines  and 
phenol^,  mentioned  on  p.  349. 

For  the  nomenclature  of  the  azo-compounds,  see  R  18,  2023. 


Amido-azo-benzene,      CgHg— N=N— CeH4.NH2      (1 863). 
Beautiful  yellow  plates  or  needles.     The  hydrochloric  acid 
salt  crystallizes  in  dark  \\o\e^  lift^dlea  and   yields  a  red 
solution. 
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Amido-azo-benzene-snlphonic  acid  (see  p.  376)  is  prepured 
by  Bulphurating  amido-iizo-benzene,  or  by  the  combination  of 
diazo-benzeoe-sulphonic  add  with  aniline  : 
CBH,(SOaH)— N=N-C1  +  CgH.NH, 

=  CflH,(S03H)— N=N— CflHj— (NHj)  +  HCI. 

It  has  a.  flesh  colour,  its  salts  being  yellow.  The  Di-sul- 
phonic  acid  crystallizes  la  glitteriug  violet  needles  and  its 
Baits  are  likewise  yellow. 

Dlmetbyl-ainlilO'aEO-bBiizaiLa,  CgH,— N,— CgEf.NfCH,),.  Golden 
yellow  pla.t«fl.  The  chloride  cryataJlizes  in  violat  needles.  Its  mono- 
BOlpbDiilc  acid,  metkyl  orange,  hrliaulhin,  or  Orange  ///.,  is  usad 
inetead  of  litmus  aa  a.  delicate  indicator  in  alkalimetricol  titrattone, 
its  fellow  Bolution  beting  coloured  red  bj  traces  of  acids  ;  it  ia  not 
affected  either  by  CO3  or  HjS,  (B.  18,  3290).  It  yielda  amido- 
dimethyl-aniline  and  sulphonilic  acid  upon  reduction. 

SlBioido-aio-beiizene  or  chrymidtTW,,  CgH,— N=^N— C,Hj.(NHj)j, 
{Cam,  iVitt,  1875) ;  the  chloride  crystallizes  in  large  octnhedra,  built 
one  apoii  the  other. 

Tii&mido-azo-benzene,  Bismarck  hrovm, 

CbH,(NH3)— N=N— CHH3(NH5)a 
{Caro,  Griess,  1866),  is  produced  by  the  action  of  NgOg  upon 
jB'phenylene-dianiine,  one  half  of  the  latter  being  partially 
diazotized  to  C6H4(NH2)— N=N.C1  and  then  acting  on  the 
other  half,  as  given  at  p.  363.  It  forms  brownish-yellow 
crystals,  readily  soluble  in  hot  water ;  the  salts  are  reddish- 
brown. 

Amldo-azD- toluene,  from  diazo-p-oiuldo-toluene,  has  the  constitutioa 

CjHjfCHa)— N=N— CsHjiCHjHNHa),  (B,  17,  77).  It  orystallizea  in 
orange-red  needles.  The  alcoholic  solution  is  turned  green  by  hydro- 
chloric acid, 

Oiy-azo-benzene,  CaHg— N=N— C(;H^(OH)  {Oi-im,  1866), 
residts  from  the  action  of  diaao- benzene  chloride  upon  phenol 
and  also  from  tho  molecular  transformation  of  azoxy-benzene, 
(cf.  p.  367).     It  crystallizea  in  brick-red  rhombic  prisms  and 
yelJo wish-red  dye, 
y-MO-Uengene-BBiplionic  add,  0(y,(SOjHl— N=N— G^^H\.a 
luzo-bemeae-sulpbonia  a«td  and  reBorcin,  Iottqb  oa  wj^iua  %B^A• 
u  or  TroptBolin  O. 
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Orange  IL,  (cf.  p.  370).  The  Ponceaux  and  Bordeaux  of  cointn8ro» 
are  inoatly  prepared  froni  the  syliciioeB  and  ciimidines. 

Blebtlch  scarlet,  CjH4(S0gNa)— N=N— CsHj— N=N— CnjHj.O^ 
(Bee  p.  370}. 


D.  HydraziiieB. 

The  hydrazinea  of  the  benzene  series  (B.  Fischer)  entirely 
correspond  with  those  of  the  fatty,  (cf.  p.  117) : 
CgHj— NH— NHj  (C6Ht,)^N— NH^  (CqHjJCCjHJN— NH^ 
Phenyl -hydrazine.       Diphenyl-hydruzine.      Phenyl- e  thy  l-hydroi ' 

Eydrazo-benzene  results  from  the  entrance  ol  phenyl  into  the  at 
amidogca  of  phenyl- hydrazine. 


Phenyl-hydrazine,  CgH^^NH — NH^,  forms  a  colourless' 
crystalline  mass,  melting  at  23°  to  a  colourless  oil  which' 
quickly  becomes  brown  from  oxidation,  and  which  boils  aft' 
233°  without  decompoaition.  It  combines  with  hydrochloric; 
acid  to  the  chloride,  CeH^NaHg,  HCl  (plates).  Like  ail^ 
hydrazines  it  is  characterized  by  strong  reducing  power,, 
reducing  Fekling's  solution  even  in  the  cold.  It  is  readily 
destroyed  by  oxidation  but  ia  stable  towards  reducing  agents; 
gentle  oxidation  of  the  suiphate  by  means  of  HgO  converts  it. 
into  diazo-benzene  sulphate.  Conversely,  phenyl-hydrazine  iflj 
prepared:  (a)  By  reducing  diaao-henzene  chloride  with 
calculated  quantity  of  SnCLj  and  HCl,  (F.  Meyer -koA 
B.  16,  2976)  1 

CaH5-N=N.Cl  +  2H3  =  CgH^-NH-NH^,  HCL 

(b)  By  reducing  dia^o-benzene  potassium  sulphite, 
CgHs— N=N.S03K  {from  O0H5N3CI  and  KaSOg),  with  ziao 
dust  and  acetic  acid  to  phenyl-hydrazine  potassium  sulphite 
CflHj— NH— NH.SOjK,  which  is  then  broken  up  into  phenyt 
hydrazine  and  sulphuric  acid  upon  heating  with  HCl 
C.Hfi— NH— NH— SOa^  -V  "Q.C\  v  ft.Ji 
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By  the  action  of  halogen -iLlkyl  upon  phenyl -hyilrszijie,  the  imldo- 

lif  drogen  atom  of  tbc  latter  is  replnced  b;  alkyl ;  the  further  action  of 

faalogen-alkyl   gives   riao  at  ODca  to  Bmmonium   compoimilB,   without 

iplscement  of  the  hydrogen  of  the  amido-gronp.     Acid  radicles  may 

replace  either  one  or  two  E-atoma. 

The  base  ia  an  important  and  often  an  exceedingly  delicate 
reagent  for  aldehydes  and  ketones,  combining  with  them  to 
hydraaones  with  elimination  of  water,  (cf.  pp.  135  and  143; 
also  B.  17,  572;  21,  984),  Moat  of  theae  componnda  are 
Bolid  and  crystalline  and  are  therefore  eminently  suited 
ir  tbe  recognition  of  aldehydes  and  ketones,  and  also  of 
ueoaes.  Phenyl-hydrazine  reacts  in  the  first  instance  with 
the  latter  in  the  same  way  as  it  does  with  the  former,  but 
here  {as  also  in  the  case  of  other  aldehyde-  and  kotone- 
alcohols)  a  second  hydrazine  molecule  may  come  into  play, 
whereby  ozazonea  (p.  287)  result.  By  the  reduction  of  the 
hydrazonea,  primary  amines  are  formed,  (B.  19,  1924) ; 
(CH3)3C=N-NH-CaH5  +  2Hj  =   (CHJ^CH.NH^  +  NH^CoH^. 


Aoetone-phenyl-hydranone,  laopcopylamine.  Aniline. 

With  aceto-acetic  ether,  phenyl-hydrazine  forms  pyrazole 
derivatives  (see  antipyrine).  It  also  reacts  with  lactones, 
(B.  19,  1706). 

Phenyl- hydrazine- snlpbonlc  acid,  (B,  18,  2103).  Is  used  for  the 
preparation  of  tartrazine  (p.  245). 

Diphenyl-ftyilrazlne,  (CaHjjjN— NHj,  ia  an  oily  baae  which  boils 
without  deciiraposition  and,  like  plienyl -hydrazine,  is  easily  oxidized ; 
it  only  reduces  FeMing's  snlntioD,  however,  when  warmed.  It  is 
oibtained  hy  reducing  diphenyl-nitrosamiiie,  (CjHjjjN — NO,  with  rinc 


dust  and  Boetio  acid;  mercuric  oxide  converts  it  into   i 
(Cf.  p-  118.) 

XXII.  AROMATIC  SULPHONIO  ACIDS- 

The  aromatic  aulphonio  acids  are  very  aimilar  in  propoilioB 
to  the  aulphonic  acids  of  the  fatty  series. 
Benzene-Bulphonic   acid,   CUH1J.SO3H   {MUschetlw,k^  1834^, 
t  resnltfl  tipon   warming  benzene  with  concentraXM.  «o\\Jkchv!. 
Uad(sBep.  306): 
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CeHe  +  SO.H^  =  CgHj.SOjH  +  H^O. 

As  in  the  case  of  ethyl-sulphuric  acid,  advantage  is  taken  of  the 
solubility  of  its  barium,  calcium  or  lead  salt  to  separate  it  from  the 
excess  of  sulphuric  acid. 

Small  tables  (  +  l^HgO),  deliquescent  in  the  air  and  readily 
soluble  in  alcohol.  The  barium  salt  crystaUizes  in  glancing 
mother-of-pearl  plates. 

Behavmi/r.  1.  Benzene-sulphonic  acid  is  very  stable,  not 
being  decomposed  when  boiled  with  alkalies  or  acids,  as  ethyl- 
sulphuric  acid  is.  It  is,  however,  broken  up  into  benzene  and 
sulphuric  acid  when  heated  with  hydrochloric  acid  to  150**,  or 
with  water  vapour  at  a  high  temperature  (cf.  p.  325) : 

CeH5.S03H  -H  H2O  =  CgHg  +  SO^H^. 

2.  When  fused  with  alkali,  it  yields  phenol : 

CoHg.SOgK  +  KOH  =  CeHg.OH  +  SOgKg. 

3.  When  it  is  distilled  with  potassium  cyanide,  benzo-nitrile 
is  formed : 

C6H,.S03K  +  CNK  =  C0H5.CN  +  SO3K2. 

4.  When  it  is  acted  upon  by  PCI5,  its  chloride,  Benzene- 
sulphonic  chloride,  results : 

CeHg.SOgOH  +  PCI5   =   CeHg.SOaCl  +  POCI3  +  HCl. 

The  latter  is  an  oil,  insoluble  in  water  and  solidifying  at  0° ;  as  an 
acid  chloride  it  is  reconverted  into  sulphonic  acid  by  hot  water,  and 
into  Benzene-sulphonamide,  CgHg.SOg.NHg  (glancing  mother-of-pearl 
sublimable  plates),  by  ammonia.  This  compound  corresponds  with  other 
amides  in  its  properties. 

5.  When  benzene-sulphonic  chloride  is  treated  with  zinc  dust, 
benzene-sulphinate  of  zinc  is  formed  : 

2CfiH5.S02Cl  +  2Zn  =  (C6H5S02)2Zn  +  ZnCLj. 

Benzene-sulphinic  acid  crystallizes  in  large  glancing  prisms,  readily 
soluble  in  hot  water,  alcohol  and  ether.  It  possesses  reducing  properties 
and  is  itself  converted  into  thio-phenol  by  nascent  hydrogen  : 

C6H5.SO2H  +  2H2  =  CgHgSH  +  2H2O. 

The  sulphone,  Sulpho-benzide,  (€8115)2802,  results  from  the  action  of 

SOg  upon  benzene,  and  also  irom  W\fe  o^V^l^Uow  of  phenyl  sulphide, 

(CgHs)2S.     It  crystallizes  in  pVatea,  \a  onaV^  «^\«\xi^^  ^sJ^n^^^  vo^^^Nist 
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'     bnt  more  readily  in  alcohot,  and  distils  unchanged.      In  prupeitice  it 
is  analogciUB  to  di ethyl- Bulphone.     Mixed  sulpbonea  are  also  known, 

'■     e.g.  Phanyl-Bthyl-Bnlplioiio,  (CjHj)(CjHb)80j. 

laomeric  with  the  snlphonea  are  the  (easily  decomposable)  ethers  of 
benzene-snlphiDic  acid,  e.g.  CoHo.SOa(CiHj). 

Substitution  may  be  effected  in  benzene-sulphonic  acid  by 
chlorine,  bromine,  and  the  groups  NOg  and  NHg. 

The  Mtro-beuBBne-aulphonic  ttclds,  CjHj(N0.j).80jH,  result  upon 
nitrating  benzene- sulphonic  acid  or  npon  sulphurating  oitro- benzene, 
the  m-componnd  preponderating.     Rednction  converts  them  into  the  : 

Amido-benzene-sul phonic  acids,  C|jH4(NHa).S03H.  The 
p-compound,  which  is  termed  Sulphanilic  acid,  is  obtained  by 
heating  aniline  with  fuming  sulphuric  acid,  or  from  aniline 
sulphate  at  180°  to  200°  (Gerkardt,  1845);  also  by  reducing 
p-nitro-benzene-aul phonic  acid.  It  forms  rhombic  plates 
(  +  H3O),  rather  difficultly  aoluble  in  water,  which  weather 
iu  the  ail. 

It  combines  with  bases,  s.g.  with  soda  to  aodium  Balphanilate, 
CiHjNHjSOaNa  +  2H3O  (large  plates},  bat  not  with  acids.  The 
fominla  CgH^'C^DQ*'^  possibly  expresees  the  constitution  of  sulphanilic 
acid.  The  in-acid,  also  termed  HetanUlc  acid,  is  employed  in  tba 
preparation  of  the  azo-dye,  metaniline  yellow  j  it  crystalliaes  in  fine 
needles  or  prianis. 

DiazO'beiizeiie-8ulphoiiio  acid,  Gf,E^<^  J^  ^  (the  an- 
hydride of  CjHj,<^^„'  Y  is  obtained  by  adding  a 
mixture  of  sulphanilate  and  nitrite  of  sodinm  to  dilute 
snlphnric  acid.  White  needles,  sparingly  soluble  in  water. 
It  eliows  all  the  reactions  of  the  diazo-com pounds  and  is  of 
great  importance  for  the  preparation  of  azo-dyea  (p.  369). 

Beniene-dlaulphDUlc  adds,  CbHi(,SOjH)j  (principally  raeta-),  and 
BwuenB-trlaulphonlc  aclflB,  CoHjlSOjHjj,  result  from  the  energetic 
Bulphnration  o£  benKene.  The  fonner  eiist,  of  course,  in  three  isonieric 
modifications.  When  they  are  distilled  with  KCN,  they  yield  the  00m- 
I  pounds  CgH^ICN)^.  the  nitrilus  of  the  phthalic  acids  ;  when  fused  with 
I  KOH,  thoy  all  go  into  resorcin  (m-diojty-benKenel,  C6ftiOa\.i. 

lalphanmc  add,  c;Ha(NHj)(SOsH)j,  \iaa  8.\ao  been  ■e««-¥™«i^ 
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Almost  all  the  homologues  of  benzene,  with  the  exception  of  hexa- 
methyl-,  etc.,  benzene,  are  likewise  capable  of  yielding  sulphonic  acids. 
From  toluene  are  obtained  the  Toluene-sulplionle  adds,  CeH4(CH3)S03H, 
which — as  di-derivatives — exist  in  three  diflferent  modifications.  Of 
these  it  is  the  p-acid  which  is  formed  in  largest  quantity  directly  ;  its 
potassium  salt  crystallizes  beautifully. 

The  sulphonic  acids  of  the  three  xylenes,  the  Zylene-Bulphonlc  adds, 
C8H3(CH3)2S03H,  serve  for  the  separation  of  these  isomers  from  each 
other;  and  the  power  of  crystallization  of  the  salts  or  amides  of  the 
sulphonic  acids  of  tho  higher  benzene  homologues  is  frequently  made 
use  of  for  the  recognition  and  separation  of  these  hydrocarbons. 

As  an  example  of  a  complicated  aromatic  sulphonic  acid 
may  be  mentioned  o-Bromo-m-nitro^-tolnene-sulphonic  acid, 
CeH,(CH3)Br(N02)(S03H). 

The  above  instance  is  sufficient  to  show  that  sulphonic  acids  may  be 
obtained  from  the  most  complicated  aromatic  compounds.  This  is  of 
especial  importance  if  the  latter  are  dyes  whose  application  is  hindered 
by  their  insolubility  in  water  or  by  other  circumstances,  as  in  the  case 
e.g.  of  indigo,  amido-azo-benzene,  etc.  ;  the  sodium  salts  of  their 
sulphonic  acids  are  for  the  most  part  readily  soluble  in  water,  without 
the  dye-character  becoming  weakened  thereby. 

For  sulphonic  acids  of  the  azo-dyes,  see  p.  370. 
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Phenols  are  oxygenated  derivatives  of  benzene  which  stand 
midway  in  chemical  character  between  alcohols  and  acids. 
They  are  derived  from  the  benzene  hydrocarbons  in  the  same 
way  as  the  alcohols  of  the  fatty  series  are  from  the  paraffins, 
i.e.  by  the  replacement  of  hydrogen  in  the  benzene  nucleus  by 
hydroxyl. 

The  phenols  are  either  liquid  or  solid  compounds  and  are 

often  characterized  by  a  peculiar  odour,  e.g,  carbolic  acid  and 

thymol.     Most  of  them  can  be  distilled  without  decomposition 

and  are  readily  soluble  in  alcohol  and  ether;  some  dissolve 

easily  in  water,  otlaers  m\j\v  moT^  d\^^\3ltY-    Many  of  them 

are  antiseptics,  e.g,  p^ienoV,  ci^o%o\  «xi^  ^^•s.o^^m. 
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Summari/  of  the  most  impmiant  Phends.                    1 

M„..„i., 

Diatomic  i 

Trintonjic :       1 

C.H,.OH 

Pbenol  [41°]  (1B3°J 

C,H,(OH), 

o  =  Pyrocatechiii 

[104°]  (245°) 
m  =  Reaorcin  [118°]  (27(!°) 

«  =  Pyrog8llol[116°]|21 
a  =  Ony-hydroqntiioiie 
s^Phlorogliioio  (217°) 

CfiHj(CH,).OH 

C6H5(CH,)|OH|, 
Methyl -pyrui;allol 

«.£,.  [74T  mv) 

LQiiinoneJ 

C,H,(CIl,)[OH), 
l:3:6  =  Orcin[8r](288'') 
l:3:*  =  Honio-pyro- 

oateohin 

C^,(OH), 
Tetroiy- benzene 

,      Cj,   ^-Cumenola 

C.P,  BnrenolB 

Carvaerol  [C]  (237°) 

(^,  Xylorciu,  etc 

C„{OH)„ 
Hesoxy-beDzene 

C,„  Penta-mathyl-phenol 

C„  McBoroin 

L                                                                          ^ 

L             Behamowr.     1.  The  phenols  behave  like  alcohols  in  that 
■         they  are  capable  of  forming  ethers  such  as  aniBol,  CflHg.O.CHa, 
1         saponifiable  ethers  such  as  phenyl-sulphonic  add,  CoHj.O.SOaH, 
W         thio-compounds,  etc. 

They  can  only  bo  compared  with  the  tertiary  alcohols,  since  they 
an  oqnal  number  of  onrbon  atoms  in  tba  molBGule  upon  oxidation. 

Unlike  the  alcohols,  however,  the  phenols  are  very  stable  as  , 
rcyanla  oxidizing  agents,   undergoing  only  substitution  and 
not  oxidation  by  halogens  and  nitric  acid,  and  not  going  into 
hydrocarbons  with  elimination  of  water,  etc. 

2.  The  phenols  possess  the  character  of  weak  acids  ]  thoy 
form  aalts  with  alkalies,  etc.,  moat  of  which  are  readily  soluble 
in  water,  and  which  correspond  with  the  ajcoholates  but  are 
fur  more  stable  than  these.      Thus,  the  phcnola  dis&alvft  ws. 
the  alkalies   to  salts;    the    latter    ate    xvaviaW-j    iB.GOTKS;tt«R.*i^ 
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however,  by  carbonic  acid.  The  acid  character  of  the  phenols 
is  considerably  increased  by  the  entrance  of  negative  groups, 
especially  NOg,  into  the  molecule.     (See  picric  acid.) 

3.  The  phenols  are  true  derivatives  of  benzene.  They  are 
capable  of  yielding  all  those  varieties  of  derivatives  which 
have  been  described  as  derivatives  of  benzene,  e.g.  chloro-, 
bromo-,  nitro-,  amido-,  diazo-  and  sulpho-phenols.  The  ease 
with  which  chlorine,  bromine,  nitric  acid,  etc.,  produce  such 
derivatives  is  characteristic  of  the  phenols ;  thus  the  former 
substitute  even  in  very  dilute  aqueous  solution,  and  nitro- 
phenols  also  result  from  the  action  of  dilute  HNO3,  the 
concentrated  acid  giving  rise  at  the  same  time  to  di-  and 
trinitro-compounds. 

From  the  phenols  having  the  character  of  weak  acids,  it  follows  that 
the  group  CeHg  (phenyl)  is  of  a  negative  nature,  t.e.  that  it  acts  as  an 
acid  radicle. 

Occurrence.  Many  individual  phenols  are  found  in  the 
vegetable  and  animal  kingdoms. 

Constitution.  The  hydroxyl  in  phenol,  CgHg.OH,  and  in  the 
dioxy-  and  trioxy-benzenes,  etc.,  containing  six  carbon  atoms,  is 
linked  to  the  benzene  nucleus.  That  this  is  also  the  case 
in  the  homologues  of  those  compounds  follows :  (a)  from  their 
completely  analogous  reactions ;  (b)  from  their  behaviour  upon 
oxidation.  The  products  which  hereby  result  from  the  trans- 
formation of  the  side  chains  into  carboxyl  are  oxy-acids,  ie., 
still  contain  the  hydroxyl. 

The  entrance  of  the  hydroxyl  into  the  side  chain  of  the 
benzene  homologues  is  also  theoretically  possible,  but  in  this 
case  it  is  not  phenols  which  result  but  true  aromatic  alcohols, 
(cf  p.  395). 

A.  Monatomic  Phenols. 

Modes  of  fmination,      1.    Many  phenols   result   from    the 

destructive   distillation   of  the   more    complex    carbon   com- 

pounds,   especially   of  wood  and   coal ;    they  are    therefore 

present  in  wood  and  coal  taia.    TYi^  \^\X.^\  ^wv\aL\\v's.  ^^>^<^^>ak^ 
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phenol  and  ita  homologues,  eresol,  etc. ;  the  former,  amoag 
other  products,  the  methyl  ethers  of  polyatomic  phenols, 
e.g.  gnaiacol,  CgHj.(0H){0.CH3),  and  its  homologne  creosol, 
CaHg.CHj(0H){0.CH5). 

The  phenols  are  isolated  from  aoal  tar  etc.  by  shaking  up  with 
potash,  in  which  they  diesolve,  ga-turating  the  eolntioa  with  hydro- 
chloric acid,  and  purifying  the  precipitated  phenols  hy  fractional 
diatUlattoti. 

2.  The  phenols  result  together  with  a  sulphite  upon  fusion 
of  the  sulphonic  acids  with  potash  or  soda,  {Eekule,  fVurtz, 
Dusart,  1867): 

C6H5.SO3K  +  2K0H  =  CgHfi.OK  4-  SOgKa  +  H,0. 

In  the  laboratory  silver  Imsinii  arc  ustd  for  this  fusion,  and  on  the 
hirge  aeolc  iron  boilers,  otc.  The  same  dioxy-benzene,  reaorcin,  results 
bora  all  three  benzene- disitlphiiuic  aoids.  The  uhlorinated  sulphonic 
■cilia  and  the  chloKnated  phenols  also  exchange  the  halogen  for 
hydronyt  upon  foaion  with  potash  ; 

CsH,.Cl(SO,E)  -^  4K0H  =  CsH^(OK)a  -f-  SO.Kj  -H  KQ  -f  2H,0. 

3,  By  boiling  the  diazo-compounds  with  water  (Griess;  cf. 
p.  362).     In  this  case  a  very  dilute  sulphuric  acid  solution  is 


CbH,CI(N:N.C1)  +  H,0  =  CflHjCl(OH)  -I-  N^  -n  HCl. 

4,   Phenol   is   produced   froiii   benzene   by   the    action    of   Oiodc   or 

hydrogen  peroxide,  and  also  by  that  of  the  oxygen  of  tlie  air  in  presence 

of  caustic  soda  solution  or  of  aluminium  chloride.      In  an  analogous 

[   natmer  di-  and  even  tri-oxy-booKeui!  may  be  obtained  by  fusing  phenol 

I    with  potB«h : 

Ci,Ho.OH  +  O  =  C,H,(OH),. 
6,  The  phenols  cannot  be  prepared  from  chloro-,  bromo-  or  iodo- 
beozene  as  the  aloohols  can  from  chloro-,  bromo-  or  lodo-alkyl,  the 
halogen  being  bonnd  too  firmly  to  the  benzene  uucIbub.  If,  however, 
nitFO-groupa  are  present  at  the  same  time,  an  exchange  of  this  kind 
can  be  effected  by  heating  witli  potash  or  soda  solution ;  trinitro- 
ohloro-benKcne  indeed  reacts  with  water  alone  ; 

CaH,Cl.(NO,)i,  +  HOH  =  0(Hj(OH)(NO,}a  +  HCl. 
6.  Similarly  the  amido-group  in  anndo-compoundB  maj  be 
b^  2udn>iiyl  uptm   boiling  with  alkalies,   prQ\idei  mteo-^cra^ 
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also  present;  thus  o-  and  p-  (not  m-)  dinitro-aniline  yield  dinitro- 
phenols,  a  reaction  which  corresponds  with  the  saponification  of  the 
amides,  (cf.  p.  318). 

7.  Phenols  result  from  the  dry  distillation  of  the  salts  of  the 
aromatic  oxy-acids  with  lime,  or  from  that  of  their  silver 
salts,  e,g. 

CeH,(0H)3.C0,H  =  COj,  +  CeHjCOH),. 

Gallic  acid.  Pyrogallol. 

8.  Homologaes  of  the  phenols  are  produced  by  heating  phenol  with 
alcohols  and  zinc  chloride,  e,g,  ethyl  and  butyl  phenols,  (B.  14,  1845 ; 
15,  150). 

9.  Phenols  also  result  from  the  putrefaction  of  albumen, 
especially  j?-cresol,  CgH4(CH3)OH. 

Behaviour,  1,  2,  and  3.  For  the  alcoholic  and  acid  characters 
of  the  phenols  and  for  their  substitution,  see  above  and  also 
on  p.  383.  Bromine  water  precipitates  even  very  dilute  aqueous 
solutions  of  phenol,  with  the  formation  of  tribromo-phenoL 

4.  Many  phenols  give  characteristic  colourations  with  ferric 
chloride  in  neutral  solution,  e,g,  phenol  and  resorcin  violet, 
pyro-catechin  green,  and  orcin  blue-violet;  while  pyrogallol 
yields  a  blue  colour  with  ferrous  sulphate  containing  a  ferric 
salt,  and  a  red  one  with  ferric  chloride.  Chloride  of  lime  and 
iodine  also  sometimes  give  particular  colourations. 

5.  When  the  phenols  are  mixed  with  concentrated  H2SO4  and  some 
NaNOg,  they  yield  intensively  coloured  solutions  which  turn  to  king's 
blue  on  saturation  with  potash,  (the  Liebermann  reaction,  p.  354). 

6.  The  sodium  and  potassium  salts  of  the  phenols  react  with 
CO2  (Kolbe)  or  with  COGlg,  with  formation  of  aromatic  oxy- 
acids,  e,g,  salicylic  acid  : 

CgHg.OH  +  CO2  =  C6H4(OH).C02H. 

The  oxy-acids  are  also  formed  when  CCI4  and  NaOH  are 
used,  (B.  9,  1285),  and  their  aldehydes  by  the  action  of 
CHCI3  and  NaOH  upon  phenol,  (B.  9,  824). 

7.  The   phenols  combine  with   diazo- compounds  to   form   azo-dyes 
(p,  863) ;  when  heated  with  "bet\zo-tT\cVv\ox\d^,  C^H^.C^Clg,  they  yield 

yellow -red  dyes  (see  aurin),  aiid  Vi^Xi  ^\v\\i«X\G  ^ca.^,  ^iXv^  ^*0s^^^ 
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.  When  heated  with  zinc  dust,  the  phenols  are 
into  the  corresponding  hyrlrocarboua,  {Baeijer) : 

CgHj.OH  +  Hj  =   C,Hu  +  H,0. 

9.  Upon  beating  with  zinc-  or  calcium  chloride  luiil  at 
OH  ia  replaced!)?  NH„  (cf.  p.  343;  also  B.  IB,  2901). 

10.  Heating  with  PCl^  partially  converts  the  phenols  inti: 
bydiocafboDs,  and  heating  with  P^^  into  thio-pbenola  (p.  S 


Phend. 

Phenol,  carMic  acid,  phenyl  alcohol,  CgH^OH.  Discovered 
in  1834  by  liunge  in  coal  tar.  Occurs  in  the  urine  of  the 
herbivora  and  iu  hnraan  urine  as  phonyl-sulphuric  acid,  in 
caatoreum  and  in  bone  oil.  It  forma  a  colourless  crystalline 
mass  consisting  of  long  needles.  M.  Pt.  41°;  B.  Ft.  183°; 
Sp.  Gr.  at  0°,  1-084.  It  is  soluble  in  15  parts  of  water  at 
16°,  and  itself  dissolves  some  water,  a  small  percentage  of  the 
latter  euiBcing  to  liquify  the  crystalline  phenol;  alcohol  and 
ether  dissolve  it  readily.  It  is  hygroscopic  and  acquires  a 
reddish  colour  in  the  air,  possesses  a  characteristic  odour  and 
burning  taste,  la  poisonous,  and  acts  as  a  splendid  antiseptic. 
It  exerts  a  strongly  corrosive  action  upon  the  stin.  Soluble 
in  caustic  potash  but  not  in  the  carbonate.  Ferric  chloride 
colours  the  aqueous  solution  violet,  while  a  pine  shaving 
which  haa  been  moistened  with  hydrochloric  is  turned  purple- 
red  by  phenol. 

Fbenol-potaBBliun,  CgH,.OE,  results  upon  heating  phenol  with  KOH. 
It  cry atallizisB  in  white  needles  which  are  readily  soluble  in  water  and 
which  reddeo  in  the  air, 

Phenol-caldum.  or  cnrbalato  of  lime,  (CgHg.O),Ca,  is  employed  bb  a 
disinfectant. 

For  the  reactions  of  phenol  and  ita  homologues,  see  B.  14,  230G ; 
IB,  1207. 
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Summary  of  the  most  important  derivatives  of  Phenol. 


Substitation  Products. 


C6H4(0H)C1 

(3)  Chloro-phenols. 

p. :  [Ur]  (217°) 

C8H4(OH).NOa 

(3)  Nitro-phenols. 

o- :  [45°]  (214'*)  j  p- 1  [114°] 

CeH2(OH)(NOa)8 
Trinitro-phenols.  [e,g,  123°] 

CeH4(OH).NH2 

(3)  Amido-phenols. 

0- :  [170°] ;  p- :  [184°] 

C6H.(0H).S0sH 
(3)  Phenol-sulphonic  acids. 


Ethers. 


CeH5.0(CH8) 

Anisol. 
Liq.  (162°) 

CeH5.0(C3H6) 

Phenetol. 

Liq.  (172°) 

C6E[5.0.CeHg 
Diphenyl  ether.  [28°](246°) 

C6H4(NHp).OCH8 
(3)  Anisidines. 
p- :  [56°]  (245°) 

CeH8(NHj)(OCH,)(S08H) 
Aiiisidine-sulphonic  acid. 


Compound  ethers. 


C8H5.0(S05H) 
Phenyl-sulphuric 
acid. 

QH5.0(C.,H30) 

Acetyl-phenol. 

(190°) 


Thio-compounds. 

C0H5.SH 

Thio-phenol. 

(172«) 

(C«H5)2S 
Phenyl  sulphide. 
(272") 


Ethers, 

Anisol  or  phenyl-methyl  ether,  CeH5.0(CH3),  and  Phenetol 
or  phenyl-ethyl  ether,  Q>^^,0{Q^^,  are  best  got  by  heating 
phenol-potassium  (or  phenol  and  caustic  potash)  with  methyl 
or  ethyl  iodide  in  alcoholic  solution  : 

CgHg.OK  +  CH3I  =  C6H5.0(CH3)  +  KI; 

the  former  is  also  obtained  by  distilling  anisic  acid  with  lime. 
They  are  liquids  of  ethereal  odour  which  boil  at  a  lower 
temperature  than  phenol,  just  as  ether  boils  at  a  lower  one 
than  alcohol.  As  regards  behaviour,  they  are  very  stable 
neutral  compounds  of  hydrocarbon  character;  when  heated 
with  HI  to  140°,  or  with  HCl  to  a  higher  temperature,  they  are 
decomposed  backwards,  thus : 

CfiHg.O.CHa  +  HCl  =   CeHg.OH  +  CH3CI. 

Phenyl  ether,   di-phenyl  oxide,  [Cq'Bls)20,  is  formed  upon  heating 
phenol  with  ZnClj  or  Al^Clft,  WY.  iio\i  ^itk  H^SO^j    Long  needles.    Not 
lit  up  by  HI. 
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i  dhers  of  Phenol. 

Phenol  reacts  as  an  alcohol  with  inorganic  and  organic  acids 
to  form  compound  ethers. 

Phenyl-sulphnric  acid  (also  termed  phenol-svJpkvric  add), 
CjHj.O(SObH),  is  only  capable  of  existence  in  thu-  foim  of 
salts,  being  immediately  saponified  into  phenol  and  aulpbnric 
acid  when  attempts  are  made  to  isolate  it.  The  potassium 
salt,  CgH5.0.(S03K)  (plates,  sparingly  soluble  In  water),  is 
found  in  the  urine  of  the  herbivora  and  alao  in  human  urine 
after  the  consumption  of  phenol,  and  it  may  bo  prepared 
aynthetically  by  heating  phenol -potassium  with  potassic  pyro- 
Bulphate  in  aqueous  solution,  {Bauinann).  It  is  very  stable 
towards  alkalies,  but  is  saponified  by  hydrochloric  acid. 

The  otlier  phenol -antpburio  acids,  e.g.  aresol-Bulphuna  acid,  which 
occur  in  urioe,  are  exactly  onalognua  to  the  above. 

Fbenol-oarboiilc  ethar,  phenyl  carbonate,  CO(O.CaHg)g,  is  prepared 
from  COClj  and  CfHjONa.  It  orystalliKea  in  glauoing  QeedlcH,  M.  Pt. 
78°,  and  ia  convertible  into  salicylic  acid. 

Bodluin  phenyl-carboiiatie,  CgHg.O.GOjNa,  results  from  CO,  and 
C,Hi.ONa,  and  gooa  into  sodium  salicylate  upon  heatiog.  Acida  dooom- 
poae  it  into  COj  and  phunol. 

Acetyl-phenol,  C^HjO.CjHgO,  obtained  from  phonol-sodium 
and  acetyl  chloride,  or  from  phenol,  acetic  acid  and  sodium 
acetate,  is  an  easily  saponifiable  liquid  which  boila  at  190°. 


Tkio-phenoJs. 

Thio-pbenol,  phenyl  hydrosidphide,  CgHj.SH,  is  prepared 
from  benzene-sulphonic  chloride,  CgH^^SOjCl,  as  given  at  p. 
374,  or  by  heating  phenol  with  PgS^.  It  is  a  liquid  of  most 
unpleasant  odour  and  of  pronounced  meicaptan  character  (see 
p.  94). 

It  yields,  for  instanoo,  a  mercury  compound,  {CjHjSljHg,  aryatalliz- 
ing  in  glancing  oBedles,  and  also  salts  with  other  metnlH.  When 
warmed  with  ctmcontratod  H,>jOj,  a  cheriy-red  and  then  a.  UUld  cqIomy- 
aSon  IB  produoed.     It  ia  rau JiJy  oxidiaable  to  pUiiD'jX  Aia>i\^\4i. 
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Closely  related  to  the  above  are  Phenyl  sulphide,  (CnHj),^ 
a  liquid  smelling  of  leeks  aiid  oxidinal.ile  to  Phenyl  snlphon^ 
(CgH5)5SOa;  and  Phenyl  disulphide,  (CbHJjS^  (glancing" 
needles,  M,  Pt  60°),  which  ia  very  easily  prepared  by  tha; 
action  of  iodine  upon  the  potassium  compound  of  thio-phenol,; 
or  by  exposing  an  ammoniacal  solution  of  the  latter  to  the  air. 
It  is  readily  reducible  to  tbio-phenol,  and  is  indirectly  oxidi*-^ 
able  to  Benzene  di-BUlph-ozide,  (CeH3)3SsOj.  (Cf.  the  corre- 
sponding compounds  of  the  fatty  series,  pp.  93  et  seq.) 


Chloro-  and  Brmm-ph 

When  chlorine  is  led  into  phenol,  o-  and  ^Obloro-phenoll 
are  formed.  These  also  result,  together  with  the  m-compoundl, 
by  reducing  and  diazotizing  the  haloid-nitro-benzenoa. 

Of  the  isameric  bi-derivativoa,  the  p-compoaiidB  have  the  higheat 
melting  point  and  the  o-  the  lowest ;  thus  o-chloro-  and  bromo-phenc ' 
are  liquid  and  the  p-compoondB  solid.  When  fused  witli  caostic  pota 
they  yield  dioxy -benzenes  (p,  388),  aften  with  a  moleculnr  rearrange 
ment.  The  chloco -phenols  have  a  sharp  parsiBtent  odour.  All  the  &.vi 
hydrogen  atoms  of  phenol  have  been  replaced  by  chlorine  and  bromiBg 

Niiwso-phenoh . 

As  Nitroso-phenol,  CaH^(OH)(NO),  (l  :  *),  is  designated 
the  compound  prepared  from  phenol  and  nitrous  acid  (Boeyar, 
B.  8,  816),  or  by  boiling  nitrosOHJimethyl-aniline  with  caustii 
soda  solution  (see  p.  354) : 
CaH,(NO).N(CH3)5  +  NaOH   =  C6H,(N0).0Na  + NH{CHa)^ 

It  crystallizes  in  fine  colourless  needles  which  readily  becora 
brown,  or  in  large  greenish-brown  plates. 

It  yields  a  aoda  salt  cryatalUzing  in  red  needles  and  amorphons  ittH 
coloared  aalta  with  the  heavy  metals.     Fotoesio  ferricyaoide  in  Blkallaj 
solution  oxidizes  it  to  p-nitro-pheuol,  while  tin  and  hydrochloric  a  ' 
i^dnce  it  to  ^-Hiniido-plieDol.     It  gives  the  lAdrermann  rcadtion  w 
phenol  and  concentrated  snlphnric  acid.     Since,  however,  it  is  a 

tormed  from  quinouo  and  tjdtoit^^aMiuiB  t^droehloride,  OOOD 

the  equation  i 


NITRO-PHKNOLS ;   PIVRIV   AVID. 
C^fij  +  NH^H    -    C,Hi(NO)OH  +  H,0, 


I  (of.  B.  17,  213,  801).  According  to  this  it  is  an  oxime  of  quinone,  in 
I  agreement  witii  which  stands  the  fact  of  its  beio);  further  convertible 
I*  1^  hydiosflaniiae  into  qainune  di-uxime  (p.  394). 


Niiro^kenols. 

On  mixing  phenol  with  cold  dilute  nitric  acid,  o-  and  p-nitro- 
phenols  are  fomied,  the  latter  preponderating  if  the  liquid  is 
cold,  and  the  former  if  it  is  warm.  Upon  distilling  with 
Bteam,  the  1  :  2  compound  (strongly  smelling  yellow  prisma) 
volatilizes,  while  tho  1  :  4  (colouriess  tahlea)  remains  hehind. 
For  their  formation,  see  also  pp.  378  and  353.  »«-Nitro- 
phenol  results  from  m-nitraniline  hy  diazotizing  the  latter. 

The  acid  character  of  phenol  is  so  strengthencii  by  tbe  entrance  of 
tbe  nitro.gtonp  that  Its  saltB  are  not  decomposed  hy  CO,  but  result 
from  the  nitro-phenols  and  alkaline  carbonate.  o-Nltra-phenol- sodium, 
0,Hj(N'Oj)ONa,  crystallizeB  in  dark  red  prisms,  and  p-Httro-phonol- 
potaaaliun  in  golden  needles.  Halogens  and  nitric  aeid  readily  substi- 
tute fnrtber  in  these  (or  in  phenol  itself),  yielding  two  isomoric  Mnltro- 
pbwiolfl,  OBH3(NOa)aOE,  (OH  :  NO,  :  NO,  =  1  :  2  :  4  and  I  :  2  :  6,  i.e. 
the  two  NO]-groups  are  always  in  the  7n- position).  Further  nitration 
gives: 

Picric  acid,  trinitro-phmol,  Cf^^(!>iO^%.01i,  (OH ;  NOj : 
NOg :  NOj  =  1  ;  3  ;  4  ;  6).  This  compound  was  discovered  in 
1799.  It  may  also  be  prepared  by  the  direct  oxidation  of 
s-trinitro-henzene  with  K^FeCyg,  and  is  produced  by  the  action 
of  concentrated  nitric  acid  upon  the  most  various  organic  sah- 
etances,  e.g.  silk,  leather,  wool,  resins  and  aniline.  It  is  a 
strong  acid  and  forms  beautifully  crystallizing  salts  which 
explode  violently  upon  beating  or  when  struck.  Very  spar- 
ingly soluble  in  water.  Crystallizes  from  alcohol  or  water  in 
yellow  plates  or  prisms,  M.  Pt.  122*5°.  Can  be  sublimed 
without  decomposition,  but  is  explosive  also.  It  is  an  import- 
ant yellow  dye. 
Aarr-'  ablarlde,  C,H^{NO,),Cl  (from  pictie  acid  o.\i4  ■£C^a^,  TewewWis*' 
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koid  uhloridea  (p.  318)  in  behaviour,     Piciio  acid  fomis  bsautifully 
""  ziug  aiiciition-compoundH  with  many  hydrocarbons,  e.y.  L'sH,, 
to.     With  KCN  Et  yielda  Iso-parpuric  acid,  C^HjNjOb,  whose 
m  salt  dyea  a  gamet-broirn  like  orcMlIa, 

f  picric  acid  are  also  known. 


Amido-phendls, 

The  nitro-phenola  go  into  amido-phenols  upon  reduction : 
C8H,(0H)NH,  C8Hj{0H)(NHila  C.HjlOHINO/NH,)  CjH,(OH)(NH,),. 

0-,  m-p  p-  Di-amido-  Nitro-amido-  Tri-araido- 

Amidu- phenols.       phenola.  phenols.  phenol. 

In  the  Amido-phenols  (Hofmann,  1867)  the  acid  character  of 
the  phenols  is  neutralized  by  the  presence  of  the  amido-groupa, 
BO  that  they  only  yield  salts  with  acids  ;  but,  as  phenols,  they 
are  still  capable  of  yielding  derivatives  (see  anisidine),  while 
on  the  other  hand  their  amido-hydrogen  is  exchangeable  in 
the  most  various  ways,  as  in  the  case  of  aniline,  but  chiefly 
for  acid  radicles. 

The  acid  derivatives  of  the  o-Amldo-phsnoIa  yield,  lilie  the  o-diaminea, 
ao-called  anhydro-haaes,  f.g.  methenyl-o-amido-phenol,  C,Hj<^^^OH,  J 

which  nay  also  he  prepared  directly  by  the  action  of  the  acid  id  ^1 

question,  (.3.  formic  acid,  npon  the  amido-phenoU,  (cf.  p.  349). 

The  HydTOCblOTiaeB  of  the  amido-phenola  are  relatively  stable  in  the  ^^h 
air  and  often  capable  of  sublimation,  the  free  hoses  (colourless  pliitcs)  ^  ^j 
being  on  the  other  hand  very  readily  oxidized  in  the  air,  with  blacken-   —  ^^. 

tag  and  the  formation  of  resin,  especially  if  they  are  impure.    p-Amlio .«■ 

phenol  is  easily  oxidized  to  qninone,  CgH^O,,  by  potaasic  '■'"'■•' '— ■    1 

and  sulphuric  acid,  while  ahloride  of  lime  converts  it  into  quinone  chlor — 

imide,  CoHjOlNCl) ;  with  H,S  and  Fe,Clg,  oompoimds  of  the  methylene 

blue  group  result  (p.  355).     Amldo-thlo -phenols,  CjH.(SB)NH3, 1 
known,  of  which  the  o-Dompouiid  ia  again  characterized  by  the  rcad^-' 
formation  of  anhydro-compounds,  such  as  BTetbenyl-amido-tMo-pbsnoL  ^ 
C(Hj<^a^CH,  isomeric  with  phenyl  iBothiocyanate  [Flo/marm,  B.  IW, 
1226). 

From  the  amidophenols  are  further  derived  Diazo-phenoii 
tgd  Azo-phenola. 

^ainitlo-auisols,  mfiliDiD-i.uU,'.n(»,  VJ&iSiV.'fi.JjSa, 
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simitar  to  aniliiie,  and  are  use'l  in  the  colour  industry, 
(azo-dyes). 

The  Ozy-dlpbenylaminaa,  e.g.  CaHj— >FH— UaHj.OH,  aro  phcnylated 
nmido-pheDola,  aiid  react  aacordingly  (see  also  p.  36B). 

Phenol-sulphouio  acids,  CaH^(0H)(S03H).  The  o-  and  p- 
acids  are  obtsined  from  phenol  and  uoncentrated  HjSOj  at  a 
moderate  temperature,  that  is,  with  much  greater  ease  than 
the  benzene-Bulphonic  acids ;  the  ortho-acid  changes  into  the 
para-  on  warming,  even  ivhen  in  aqueous  solution.  The 
m-compound  can  be  prepared  indirectly  by  fusing  7»-benzene- 
disulphonjc  acid  with  potash.     All  three  are  crystalline. 

The  0-  and  m-acids  yield  o-  and  m-diosy-benzeneH  when  fused  with 
KOH,  but  the  p-acid  does  not  react  in  this  way,  being  attackad  only 
at  teniperatareB  aver  320°,  and  no  resocciu  then  resulting ;  the  same 
applies  to  oauBtic  aoda.  D-Pbenol-Bul phonic  acid  is  used  as  an  antiseptic 
under  the  name  of  "  Aseptol,"  (B.  IB,  Ref.  fiO«). 

Phanol-di'  and  tri-aulphonic  acids  are  also  known. 


Homologues  of  Phenol. 

The  homologues  of  phenol  resemble  the  latter  very  closely 
Sn  most  of  their  pcoperties,  foi-m  perfectly  analogous  deriva- 
"tives,  and  possess  likewise  a  disinfectant  action  and  a  peculiar 
«dour  (the  creaola  an  unpleasant  fsical-like  odour,  the  higher 
3iomoIogueB  one  which  is  less  marked). 

They  differ  from  phenol  mainly  by  the  presence  of  side 
chains  which,  as  in  the  case  of  toluene  etc.,  may  undergo  certain 
transfoimations.  In  especial,  when  they  are  used  in  the  form  of 
alkyl  or  acetyl  derivatives  or  sulphonic  acids,  they  can  be 
oxidized  in  such  a  manner  that  the  side  chains  (methyl  groups) 
are  transformed  into  carboxyl,  with  the  production  of  oxy- 
carboxylic  acids.  The  cresols  themselves  cannot  be  oxidized 
even  by  chromic  acid  mixture,  but  are  completely  destroyed 
"by  permanganate  of  potash. 

Negative  subBtituontH,  eapecially  if  they  are  present  in  the  o-poaitiou, 
inder  Buch  oxidation  more  difficult  in  acid,  but  facilitate  it  in  alkaline 
■olotion. 
TZte  Ot^oIb,  C^H^(CE^)Oii,  are  all  tiitea  ^te&ett\,  Sxl  w»2^ 
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tar  and  are  also  contaiaed  in  the  tar  from  pine  and  beedi- 
wood.  o-Cresyl-aulpliiiric  acid  (analogous  to  phenyl-Bulphuiif. 
add)  ia  found  in  the  mine  of  horeea,  and  the  ji-compound  Bii 
human  urine. 

p-Creaol,  CgHj(CH5)0H,  ia  produced  by  the  decay  rf 
albumen.  Its  dinitro-compound  ia  a  golden-yellow  dye  which 
is  used  as  ammonium  or  potassium  salt  under  the  nama  of 
Victoria  orange. 

Thymol,  C,,H„0,(CHg:CaH^:OH  =  l:4:3)isfound  together 
with  cymene,  C^oHj^,  and  thymene,  CjgH,|„  in  oil  of  thymes 
Thymus  Serpyllum,  and  is  used  as  an  antiseptic. 

m-Xylonol,  CsHjjO,  (CH, ;  CHj :  OH  =  1:3:4)  is  found  in  ti» 
creoentc  of  baeeh-wood  tar. 

Carvacrol,  Ci„H„0,  (C8Hg;CaH,:0H  =  1 :4:2)  present  in  Orignnum 
hirtum,  is  prepared  either  by  heating  camphor  with  ioiline  or  from 
its  uomer,  caivul,  aud  vitreous  phospboiio  acid.  CarvDl,  CigH,fO.  tb*. 
chief  congtitnent  of  oil  of  cumin  (from  Carvum  Carvi),  appears  to  T«  i 
a  keto-dihydro-cymol,  (B.  1»,  12). 

For  other  liomoI(%iies  of  phenol,  see  table,  p.  377  ;  Etbjl-,  Fiopjl- 
and  Butyl-pbeDolB  and  also  Penta-methyl-plienol  (B.  IS,  1825)  hart 
likewise  been  prepared. 


B.  Diatomic  Phenols. 

By  the  entrance  of  two  hydroxyls  into  benzene  and  its 
homologues,  the  diatomic  phenols  are  prodiiced.  These  are 
analogous  to  the  monatomic  compounds  in  most  of  their 
relations,  but  differ  from  them  in  the  same  way  aa  the 
diatomic  alcohols  do  from  the  monatomic.  They  are  likewiw 
formed  by  methods  completely  analogous  to  those  for  the 
monatomic  phenols,  especially  by  fusion  with  potash  (p.  374); 
inatead,  however,  of  the  compound  expected,  an  isomeride 
which  18  stable  at  that  high  temperature  frequently  reBidW 
(see  resorcin).  The  ji-dioxy-compounds  are  characterized 
their  close  connection  with  the  quioones.  Many  of  the  poly- 
atomic phenols  are  strong  reducing  agents. 
Pyro-cateoliin,  Cgli^iO^^^  ^\'.^\  'flVvfk  viaa  Erst 
by  the  diHtillation  of  catechTOl^U\m(wa.Cia.\fc^'a^,i*-^« 
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obtaiia 


PTRO-CATECHIN  ;    RESORCIN  ;    HYDROQUINONE.  389 

r  beet  sugar  and  resulta  Erom  the  fusion  of  many  of  the 
r'tesins  as  well  as  of  o-phenol-sul phonic  acid  with  potaah.  It 
I  cryetaliizes  in  short  white  rhombic  prisms,  which  can  be 
I  Bublimed,  and  are  readily  Bohible  in  water,  alcohol  and  ether. 

prepared  by  heating  its  inonii-inetliyl  ether,  Onalacol, 
C|,H4(OH)(0.CHj),  a  etmrtitnent  of  beech-wood  tar,  with  hydriodio 
acid  (bbo  ftniBoI,  p.  382).  tike  most  of  the  polyatomio  pheuols  it  ia 
very  unstable  in  an  alkaline  solution,  which  quickly  becomaB  green 
and  thcD  black  in  the  air.  The  aqueous  eolution  is  coloared  green  by 
FcjClg  and  then  violet  by  NHg  (reactions  of  the  o-dioxy-coiiipotinds). 
It  poBBesgeB  redncing  properties,  causing  separation  of  the  metal  from 
a  solntioQ  of  silver  nitrate  even  in  the  cold.  By  boiling  it  with  potoah 
and  potassic  methyl-snlphate,  it  may  be  reconverted  into  guaiacol, 
which  likewise  shows  the  f  eiric  chloride  reaction  and  possesses  reducing 
powers.     Varatrol,  CjH,(0CH„)3,  is  its  di-methyl  ether, 

Beaorcin,  CeH^tOH)^,  (1:3)  iElasiwetz,  Barik,  1864),  w. 
obtained  on  fusing  many  resina  (Galbanum,  Asafcetida),  also 
m-phanol-8ulphonic  acid,  all  three  bromo-benzene-sulpbonic 
acids,  and  wi-  and  ^benzene-disulphonic  acids  with  potash. 
The  last  mentioned  compounda  are  employed  for  its  prepara- 
tion on  the  technical  scale.  It  also  results  from  the  distillation 
of  the  extract  of  Brazil  wood.  White  rhombic  prisms  or  tables 
which  quickly  become  brown  in  the  air,  dissolve  easily  in 
water,  alcohol  and  ether,  and  reduce  an  aqueous  solution  of 
silver  nitrate  when  warmed  with  it,  and  an  alkaline  solution 
even  in  the  cold.  With  Fe^Clg  resorcin  gives  a  dark  violet 
colouration. 

It  yields  dyes  with  N,Oj.  Whan  baatad  with  phthalic  anhydride  it 
is  converted  into  duoreaceln  (see  eosin  ;  test  for  m-diony-bennenes),  and 
It  is  therefore  prepared  on  the  large  scale.  Diuzo- compounds  transform 
it  into  aBo-dyas,  (cf.  p.  369). 

Ita  trinitro-derivative  is  Btyplmic  acid,  UaH(OH)j(NOa)a,  which  is 
formed  by  the  action  of  nitric  acid  npon  many  gum-resins. 

Hydroquinone,  CoHi(OH)3  (1  :  4),  [Wiihl^,  1844). 

Forvtation.  By  the  osidation  of  quioic  acid,  C,Hj,0^  by  means  of 
PbO,,  by  the  saponification  of  arbutin,  and  from  sucuino-auccinio  ether 
a£  given  at  p.  429,  etc 

Frqmralmi.    By  the  oxidation  of  &Tii\me  mftv  <Avwn»a  »kA 
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mixture,  and  also  by  the  reduction  of  quinone  with  sulphur 
dioxide.  Small  monoclinic  plates  or  hexagonal  prisms,  of 
about  the  same  solubility  as  its  isomers  and  capable  of  being 
sublimed.  Ammonia  colours  it  reddish-brown,  while  chromic 
acid,  ferric  chloride  and  other  oxidizing  agents  convert  it  into 
quinone  and  eventually  into  quinhydrone  (p.  393). 

Acetate  of  lead  yields  a  white  precipitate  with  a  solution  of  pyt'o- 
catechin,  but  none  with  resorcin,  while  hydroquinone  is  only  precipi- 
tated in  presence  of  ammonia.  From  the  observed  heat  of  neutraliza- 
tion, resorcin  and  hydroquinone  behave  towards  soda  as  dibasic  acids, 
and  pyrocatechin  as  a  weak  monobasic  acid. 

Dioxy-toluenes,  C5H3(CH3)(OH)a.  Among  the  various  isomerides 
which  have  been  prepared  (see  B.  15,  2995),  there  may  be  mentioned  : 

1.  Orcin,  (CH3 :  OH  :  OH  =  1:3:5),  which  is  found  in  many  lichens 
(Rocella  tinctoria,  Lecanora,  etc.).  It  results  from  orsellinic  acid  with 
separation  of  CO2,  e,g,  upon  fusing  extract  of  aloes  with  potash,  and  it 
can  also  be  prepared  synthetically  from  toluene,  (6.  15,  2992).  Of 
especial  interest  is  its  synthesis  from  acetone-dicarboxylic  ether  (p.  244) 
and  sodium,  (6.  19,  1446).  It  crystallizes  in  colourless  prisms  of 
sweetish  taste  which  tend  to  become  red,  and  whose  aqueous  solution  is 
coloured  blueish-violet  by  Fe2Cl6.  It  does  not  yield  a  fluorescein  with 
phthalic  anhydride.  By  the  oxidation  of  its  ammoniacal  solution  in  the 
air,  orcein,  CyHyNOs,  the  chief  constituent  of  the  commercial  orchil 
dye,  is  formed,  a  compound  which  is  also  prepared  directly  from  the 
lichens  named  above.  Related  to  it  is  the  well  known  colouring  matter 
litmus. 

2.  Homo-pyrocatechin,  C6H3(CH3)(OH)2,  (CH3 :  OH  :  OH  =  1:3:4), 
deserves  mention  on  account  of  its  mono-methyl  ether  Creosol, 
C6H3CH3(OH)(O.CH3),  occurring  in  beech- wood  tar.  Creosol  is  a  liquid 
similar  to  guaiacol,  boiling  at  220**,  and,  as  a  derivative  of  pyrocatechin, 
giving  a  green  colouration  with  FegCle. 

Among  the  other  isomers  are  Cresorcin,  Tolu-hydroqulnone,  etc. 

Homologous  with  the  above  are  e.g,  Xylordn  (CH3 :"  CH3 :  OH :  OH 
=  1:3:4:6)  and  Beta-orcinol  (Tw-dioxy-jp-xylene),  CgH2(CH3)2(OH)2 ; 
Mesorcin,  C6H(CHg)3(OH)2,  (CH3  :  CH3  :  CH3  :  OH :  OH  =  1  : 3  : 5 : 2 : 4) 
(see  table,  p.  377) ;  Thymo-hydroquinone,  CioH|402,  which  is  present 
in  Arnica  montana,  etc. 

Eugenol,  O10H12O2,  =  C6H3(OH)(OCH3)(CH3.CH :  CHa),  the  chief 
constituent  of  oil  of  cloves,  is  a  derivative  of  an  unsaturated  diatomic 
phenoL 
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0.  Triatomic  Phenols. 

(■Pyrogallol  =  1:2:3  =  fl 

ijjtisiun),  -j  Phlorogluoin  =  1 :  3 : 5  =  s  [  See  table,  p,  377. 

lOiy-hydroquinone  =  1;2;4  =  a' 

1.  Pyrogallol,  pyrogallic  acid  (Sdiede,  1786),  ia  the  moat 
important  of  these  three  isomers.     It  ia  obtained,  apart  from 

I  synthetical  reactions,  by  beating  gallic  acid,  CO^  being  split 

CoH2{OH)g.CO,H  =  CJl3(OH)3  +  COj. 
It  crystallizes  in  white  plates,  M.  Pt.  116°,  readily  soluble 
I  in  water  and  capable  of  subliming  without  decomposition.  It 
I  energetic  reducing  agent,  e.g.  for  silver  salts,  and  its 
I  alkaline  solution  rapidly  absorbs  oxygen  from  the  air,  hence  it 
Wis  used  in  gas  analysis,  as  a  developer  in  photography,  and  so 
The  aqueous  solution  is  coloured  bhiish-black  by  a 
I'Solution  of  ferrous  sulphate  containing  ferric  salt,  and  purple- 
red  by  iodine. 

PyiOBallol  aimethyl  ether,  CeH3(0H)(0CHj)j  (ffo/mann),  is  con- 
taioed  ia  beecli-wood  tar,  as  are  likewise  the  dimetbyl  ethers  of  the 
coQipounds  CbHj(CH3)(0H)j  and  CgE^idE^KOE.}^  homoloBOua  with 
pyrogallol, 

2.  Phloroelncin,  (Hlasitcet^,  1855),  results  from  the  fusion 
of  various  resins  and  of  resorcin  witii  potash  or  soda,  by  the 
action  of  alkali  upon  phloretin,  and  by  fusing  its  tricarboxylic 
ether  (whoso  synthetical  formation  is  given  on  p.  321)  with 
potash.     Large  prisma  which  weather  in  the  air  and  sublime 

I  without  decomposition ;  M.  Pt.  218°,     Gives  with  Fe^Clg  a 
dark  violet  colouration. 
C,I 
gro 
rh 
the 


purtly  agree  with  the  formnia  CgH]{OH)g,  e.g.  it  fonnB 
netallio  compounds  and  a,  Trl-methyl  other,  CgEg(O.CH,)j,  insoluble  in 
alkali ;  but,  on  the  other  band,  it  yields  like  the  ketanes  a.  Tiloxiina, 
C,Hj(N,0H)5,  and  therefore  appoara  readily  to  build  up  the  atomic 
gronp    CH,— CO— CH,— CO— CHb— CO,    =    Trt-keto-hexa -methylene, 

>rhich  is  termed  the  Bucondary  iir  p-teMdo-foTiu,  in  contradistinction  to 
the  6zat-DaiBed  (the  terti'aiyj.     (Cf.  pp.  317  andW&-,  e.\ao '&.'!>.«,  Vi^i 
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3.  Oiy-lyaroinUiioiw  reaulta  from  the  fusion  of  hydroqaij 
potosb,  (B.  ifl,  1331}.     Like  pyrogiillol  it  does  not  react  with  hydivxy 


D.  Tetra-,  penta-  and  hexatomic  phenols. 

Tetr-oxy-benzens,  CgHgtOHj^  |1  :  '2 : 4  : 5),  is  prepared  from  succinp-  J 
Bnccinic  etiier,  (B,  19,  S3S5).     It  crystallizes  in  yellow  needles  and  ii 
rtalile  wiien   pure.      Ita   chloro-derivative,   DlchloTO-tatroxy-lMnKeiliB,  j 
C^la(OH)i,  ia  readily  onidizable  to  chloranilic  acid  (aee  p.  394). 

Hez-azy-beuzene,  CglOR),,  forma  as  potassiom  salt  the  so-called  J 
Potassinm  carboxide,  CgOgKg.  It  crystallizes  in  colourless  readily  J 
ojudizabla  prisma  and  can  be  converted  into  ita  quinone  (tri-qninona),..J 
CgOe  (p.  395).  It  has  also  been  prepared  synthetically,  (B.  IB,  40^^ 
1833).  "■ 

As  a  pentatomic  phenol  of  the  reduced  benzene,  CgH.(Hg)(0H1g, : 
to  be  regarded  Querdta  (in  Qaercus),  a  aubatance  which  r 
maunite ;  and  as  a  bexatomio  phenol,  Pbenose,  Cg.(Eg](OH)g,  -which  h 
been  prepared  by  treating  CgH,,  Clg  with  moist  oxide  of  silver. 


E.  Quinones. 

Quinone,    C^H^Og   (1838).      Quinone    ia    produced    when 
chromic  acid  ia  added  to    a  solution   of  hydroqui 
crystallizes  in  yellow  needles  or  priams  of  a,  characterist 
pungent  odour  something  like  that  of  nut  sheila,  spari 
soluble  in  water  but  readily  in  alcohol  and  ether,  and  capal 
of  sublimation;   M.  Pt.  116°.     Corresponding  to  it  we  hsi 
a  large  number  of  higher  homologues,  etc.     These  also  ar^t 
solids  mostly  of  a  yellow  colour  and  volatile  with  steam  ;  th&jf 
result  from  the  oxidation  of  the  corresponding  para^dioxy -com- 
pounds or  of  the  higher  atomic  phenols,  which  contain  two 
hydroxy  la  in  the  para-position. 

The  isomeric  dioxy-benzenea  do  not  ahow  this  formation  rf 
quinone. 

Quinone  ia  also  produced  by  the  oxidation  of  many  anilins 

and    phenol   derivatives   belonging    to    the    para-seriea,   e.g. 

/j-aiDJ do-phenol,  sulplianiUc  acid  a.nd  p-phonol-aid phonic  acid; 

further,  hy  the  oxidation  ai  ai\ft\-&6  \Xa^  \i-^  mi^mis.  -A  " 


i&<^€cxss^^ 
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acid,  (see  B.  19,  1-107).  It  was  first  obtained  by  diBtilling 
qoimu  aeid  with  manganese  dioxide  and  sulphuric  acid- 
Quinone  readily  volatilizes  with  steam,  but  at  the  same  time 
much  of  it  is  decomposed.  Exposure  to  light  causes  it  to  turn 
brown,  and  it  colours  the  skin  yellow-brown.  It  is  easily 
converted  into  hydroquinone  by  reducing  agents  such  as  SO^, 
HI,  SuClj  and  HCl  etc.,  and  can  therefore  act  as  an  oxidiKer. 

Chlorioe  and  bromino  aj:t  upon  it  ae  siibatituente,  while  hydrncblorio 
acid  loTma  Uono-cUoTD-tiyiiToquinoiie ; 

C,HjO,  +  HCl  =   CnHjCKOH),. 

It  yields  sparingly  aolubla   cryatallioe    eompounda  with  primary 

lines  and  also  (coloured)  eompounda  with  phenols.  It  is  soluble  in 
*lkalle8,  the  solution  decomposing  rapidly.  With  hydroijiiitionB  it 
forma  an  addition  .compound  termed  Qttlnliydrone,  CBH40a  +  C,H,(OH)3, 
j^rystoJlizing  in  green  prisms  with  a  metallic  glance,  which  alao  reaultB 
intermediate  product  in  the  oxidation  of  hydroqninone  or  in  the 
reduction  of  quinone. 

Consiitulion.  Quinone  is  derived  from  benzene  by  the 
exchange  of  two  atoms  of  hydrogen  for  two  of  oxygen  which, 
the  close  connection  between  quinone  and  hydroquinone, 
must  be  in  the  p-position.  The  constitution  of  quinone  may 
plained  either  by  assuming  that  these  two  oxygen  atoms 
are  linked  together  as  in  peroxide  of  hydrogen,  H — 0—0— Hi 
BO  that  the  benzene  nucleus  remains  unchanged,  or  that  the 
latter  experiences  a  partial  reduction,  with  the  formation  of  a 
derivative  of  C^Hg,  a  "  diketo-dihydro-benzene  "  : 


Ki.^:©: 


CO 


in      .      or      C,H,^,    =        II       II      . 
^■O  HC\/CH 


Acconling  to  the  first  of  these  two  formulas  quinone  would 
>1»  a  peroxide,  according  to  the  second,  a  ketone  (quinone 
'^  CjHj<^Q>C2Hj).  In  favour  of  the  latter  view  are  (1) 
the  fact  that  quinone  can  be  converted  into  an  oxime, 
C^j'C  ^fi0    ^CjHj  (identical  with  mtToaQ-^\^.«ft.^^v,\l.^•t^^ 
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and  into  a  dioxime,  Quinone  dioxime,  C2H2<^QkT'Q-g(]>C2H2 

(B.  20,  613);  and  (2)  its  relations  to  the  analogously  consti- 
tuted anthraquinone.     (Cf.  B.  18,  568 ;  A.  223,  170.) 

The  formation  of  succino-succinic  ether,  which  was  spoken  of  on 
p.  321,  involves  a  synthesis  of  quinone.  The  acid  corresponding  to 
that  ether  is  a  dicarboxylic  acid  of  Quinone  tetrahydride  (p-diketo- 

hexa-methylene),    i  i      ,  =  C8H4O2  (p.  430) ;  it  can  be  trans- 

CX12*  CO.  CH2 

formed  into  the  dicarboxylic  acid  of  hydroquinone,  C6H4(OH)2,  by  the 

elimination  of  two  atoms  of  hydrogen,  and  into  bromanil  (tetra-bromo- 

quinone)  by  bromine,  (cf.  A.  211,  306;   B.   16,  1412;   B.   19,  429, 

1977). 

Chlorinated,  etc.,  products  are  derived  from  hydroquinone  as  well 

as  from  quinone. 

Chloranil,  tetrachloro-quinone^  CgCl^Og,  which  crystallizes  in 
glancing  yellow  plates,  is  obtained  by  chlorinating  quinone 
and  also  by  oxidizing  many  organic  compounds,  e.g,  phenol, 
with  HCl  and  KCIO3.  It  goes  into  tetra-chloro-hydroquinone, 
a  colourless  compound,  upon  reduction,  and  acts  as  an  oxidizing 
agent,  converting  e.g,  dimethyl-aniline  into  a  methyl  violet. 
A  dilute  solution  of  potash  transforms  it  into  potassium 
chloranilate,  CgCl202(OK)2  +  H2O  (dark  red  needles),  cor- 
responding to  which  there  is  also  an  analogous  nitro-compound, 
potassium  nitranilate,  Cg(N02)202(OK)2.  The  latter  salt  is 
distinguished  by  its  sparing  solubility,  hence  its  formation 
may  be  made  use  of  as  a  test  for  potassium  compounds.  For 
its  constitution,  see  B.  19,  2398. 

Bromanil,  CgBr402,  and  Bromanilic  acid,  C6Br2(02)(OH)2, 
are  compounds  analogous  to  the  above. 

As  homologues  of  quinone  may  be  mentioned  Tolu-quinone, 
C6H3(02)(CH3),  Xylo-quinone,  CeH2(02)(CH8)2,  Thymo- 
quinone,  CgH2(02)(CH3)(C8H.7),  etc. 

Several  of  these  can  be  prepared  synthetically  by  the  condensation 
of  1  :  2  di-ketones,  for  instance  di-acetyl  yields  xyloquinone  under  the 
influence  of  alkali,  (cf.  B.  21,  1411) : 

Cflo— CO— CO— CHH„  GH^— G— CO— CH 

*  ^         =  \  \  ^  2H.0. 

+  H,CH— CO-CO-GKt  lafc-^^-^:^-^^^ 
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SlOKr-qulnone,  C,H;,(0,)(OH)p  whioh  correspondB  to  tctioxj-beniieno 
392),  forma  small  browuieh-black  crystaU.  It  is  the  iziotlier  Bub- 
Btance  of  ohlor-  and  nitrauilic  acida,  meatioaed  alwve. 

Prom  hesony-bonzeoo  there  can  be  prepared  Tetroiy-qnlnone, 
C,(05)(0H)^,  DIozy-iUqiUnoyI  or  r/uuHzonic  acid,  CalOjMO.jXOH),,  ainl 
finally  Tri-tnUnoyl,  C„(0,)tOs)(Os)  +  SHjO.  In  both  the  latter  com- 
pounds  the  formation  of  guinone  has  taken  place  more  than  once,  (cf. 
B.  IB,  499,  1833). 


P.  Quinone  Ohlor-imidea. 

Eelafced  to  the  quinones  are  the  quinone  chlor-imides,  which 
reault  from  the  oxidation  of  the  ^atnido-pheoola  or ^phenylene- 

aiuines  by  means  of  chloride  of  lime. 

QulnonB  cWorlmldfl,  CbH,(0)(NC1),  raanlts  from  HCl-p-amido-phenol, 
Mid  quinone  dlcblor-lmMe,  CsHi(NCl)s,  from  HCI-p-pheDjlenc-diamine. 
The  first  named  crj'BtnllizeB  in  golden  yellow  cr jBtals  which  are  volatile 
:with  Bteam  ;  reduction  converts  it  into  amido-pbcnal,  and  boiling  with 
into  quinone,  the  dicliloro- compound  behaving  in  an  analogous 
T.  For  these  componnda  the  following  couatitutioual  foruLuIie  are 
llMnuned: 


Qainone  chlor-imide.  Quinone  dichlor-imidc. 

ie  formulfe  are  based  upon  the  fact  that  derivatives  o(  diphenjl-. 
reault  from  their  action  upon  phenols  or  amines.      (See  iudo- 
phenola,  p.  356.) 


XXIV.   AROMATIC  ALCOHOLS,  ALDEHYDES 
AND  KETONES. 

A.  Aromatic  Alcohols. 

While  the  phenols  remind  ua  of  the  tertiftry  alcohols  of  the 
■fatty  series  in  their  properties,  although  they  differ  from  these 
■in  many  points,  we  are  acquainted  at  the  same  time  with  real 
aromatic  alcohols,  i.e.  compounds  which  possess  the  alcoholic 
character  in  its  entirety.  The  moat  imi;«)t\,a.i\\.  q^  '^J&&?fe  '^ 
jv.uiuiTV  beazyi  alcohol,  OjH,,,0H,  w^iitV  'la  \fiwiaKm  -«SSJki 
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the  cresols,  this  isomerism  being  explained  by  the  different 
position  of  the  hydroxyl  in  the  molecule;  thus,  while  the 
cresols,  like  all  phenols,  contain  the  hydroxyl  linked  to  the 
benzene  nucleus,  it  is  present  in  the  side  chain  in  benzyl 
alcohol : 

C6H4(CH3).OH,  Cresols ;  CgHg— CH^OH,  Benzyl  alcohol 

This  follows  from  the  formation  of  benzyl  alcohol  from 
benzyl  chloride,  C^Hg — CHgCl  (and  vice  versa),  and  also  from 
the  fact  that  it  can  be  oxidized  to  an  aldehyde  and  an  acid 
containing  the  same  number  of  carbon  atoms  in  the  molecule 
as  itself,  these  being  likewise  mono-derivatives  of  benzene : 

CeHg— CH2.OH  CeHg— CHO  CeH^— CO.OH 

Benzyl  alcohol.  Benzaldehyde.  Benzoic  acid. 

Benzyl  alcohol  may  also  be  looked  upon  as  methyl  alcohol  in  which 
one  atom  of  hydrogen  is  replaced  by  the  group  CgHs : 

^^<0H 


Methyl  alcohol,  =carbinol.  Benzyl  alcohol,  =  phenyl  carbinol. 

It  is  therefore  the  simplest  existing  aromatic  alcohol. 

Among  its  homologues  the  following  primary  and  secondary 
alcohols  may  be  mentioned  (tertiary  being  also  known) : 

C6H4(CH8)— CH2.OH  CeHg— CH2— CH2.OH 

Tolyl  alcohols.  and  C^^^Hg— CH(OH)— CH3 

Phenyl-ethyl  alcohols. 

CeH4(C8H7)-CH2.0H      G^B^-GB^-GU^-CIl^OE 

Cumic  alcohol  {p).  Phenyl-propyl  alcohol,  etc. 

Di-  and  triatomic  alcohols  likewise  exist ;  these  must  contain 
not  less  than  8  and  9  atoms  of  carbon  in  the  molecule  respec- 
tively (see  p.  189,  etc.),  e.g. : 


CgHg  .OH 


C9H11.OH 


C9H12O3 


CgH^ 


(CR  Om  .  i  i^  =  Tolylene  glycol. 
K'^^2'^^)2'\  o  =  Phthalyl  alcohol 

CgH^— CH(OH)~CH(OH)— CH2.OH 

Phenyl-glycerine  (stycerine),  etc. 


All  these  compounds  are,  aa  a\cio\icA&,  ^^i^^^^l  ^av^^^xis^xji 
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:the  alcohols  of  the  fatty  series,  so  far  as  regards  the  formation 
of  alcoholates,  ethers,  compound  ethera,  mercaptans,  amiuea, 
■phosphines,  etc.  They  are  however  benzene  derivatives  at  the 
Bame  time,  and  consequently  yield  chloro-,  bromo-,  nitro-,  amido-, 
etc.,  substitution  products.  By  the  entrance  of  the  phenyl 
group  into  unsaturated  fatty  alcohols,  there  result  ynsalvrated 
;U'omatic  alcohols  which  resemble  the  unsaturated  compounds 
of  the  fatty  series  to  the  closest  extent  in  their  chemical 
behaviour,  but  are  at  the  same  time  benzene  derivatives. 

These  remarks  also  apply  in  full  degree,  mulalis  mutattdis,  to 
the  aromatic  aldehydes  and  ketones  (see  below). 


Benzyl  alcohol,  C^Hj — CH2.OH,  is  a  colourless  liquid  of 
&int  aromatic  odour,  sparingly  soluble  in  water ;  B.  Pt.  206°. 
It  occurs  naturally  in  Peru  and  Tolu  balsams  as  benzoic  and 
dnnamic  ethers,  and  is  formed  from  benzyl  chloride  just  as 
iJcohol  is  from  ethyl  chloride. 

PreparaHoK.  By  the  reduction  of  it«  aldehyde  or,  better,  by 
the  action  of  aqueous  potash  upon  the  latter,  whereby  the  one 
half  of  it  is  oxidized  and  the  other  half  reduced,  (E.  14,  2394); 
ECeH;- CHO  +  KOH    =    CgHg— CHj.OH  +  C3H5— COOK. 

BenzTl  hydTOEnlphlde,  C^H^ — CH^.^H,  tlie  uorreapondiug  thio- 
aluobo),  is  a  liquid  of  most  unpleaeant  odour  and  of  typical  mercaptauio 
character.  The  amine,  Benaylamlne,  CsHj— CHg.NH^,  has  heaa  already 
■1  p,  350  ;  humulogouB  amiues  are  also  known. 

Phenyl-methyl  carblnol,  CgHs— OH{OH)— CHj,  B.  Pt.  203°,  can  be 
■■preparod  by  reduoiiig  aoetopbenone,  CgHj — CO — CHj  (p,  400),  into 
which  it  is  reconverted  by  gentle  oxidation. 

Ilie  Bimplest  of  the  uDsatarated  alcohols  in  Clunamic  alcohol  or 
jtyrwie,  C^i„0,  =  C,Hb— CH=CH— CH5(0H).  which  occurs  sa 
eiiuiamio  ether  ("styracin")  in  storax.  It  crystallizca  in  glancing 
needles  of  hyacinth -like  odour,  and  goes  into  cinnamic  acid  when 
oxidized  gently,  and  into  benzoic  when  the  oxidation  is  more  vigoioue. 
Ai  an  alcohol  it  forms  ethers,  etc. 
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B.  Aromatic  Aldehydes. 

Benzoic  aldehyde,  benzaldehydej  or  oil  of  hitter  aJmondSj 
CgHg — CHO.  Discovered  in  1803;  investigated  hy  Liebiga,ni 
Wohler,  (A.  22,  1).  Colourless,  strongly  refracting  liquid  of 
agreeable  bitter  almond  oil  odour.  B.  Pt  179° ;  Sp.  Gr.  at 
15°,  1*05.  Readily  soluble  in  alcohol  and  ether,  but  only 
sparingly  in  water  (1  in  30). 

Modes  of  formation.  These  are  for  the  most  part  analogous 
to  those  of  the  fatty  aldehydes.     It  results : 

(a)  From  the  oxidation  of  the  corresponding  alcohol. 

(&)  From  the  reduction  of  the  corresponding  acid  (distiUation  of  a 
mixture  of  benzoate  and  formate  of  calcium). 

(c)  By  heating  the  corresponding  dichloride,  benzal  chloride, 
also  called  benzylene  dichloride,  CgHg — CHClg  (from  toluene), 
with  water  or  sulphuric  acid,  or,  as  is  done  on  the  technical 
scale,  with  water  and  hydrate  of  lime ;  also  by  heating  benzyl 
chloride,  CgHg — CHgCl,  with  water  and  lead  nitrate. 

(d)  Together  with  dextrose  and  hydrocyanic  acid  by  decom- 
posing amygdalin,  C2oH27NO^i,  a  compound  which  occurs  in 
bitter  almonds  and  crystallizes  in  white  plates  (p.  512),  either 
by  means  of  sulphuric  acid  or  by  emulsin  (a  ferment  likewise 
present  in  bitter  almonds,  cf.  p.  294) : 

C20H27NO11  +  2H2O  =   CgHg— GHO  +  2C6Hi20g  +  CNH. 

(e)  By  the  action  of  cromyl  chloride,  CrOaClQ,  upon  toluene.  This  is 
the  Etard  reaction,  an  important  one  for  the  synthesis  of  aldehydes 
from  hydrocarbons,  (B.  17,  1462,  1700;  cf,  also  p.  327). 

Behaviour,  1.  Its  behaviour  is  that  of  an  aldehyde  in  every 
respect.  Thus  it  is :  (a)  easily  oxidizable  to  the  acid,  and  it 
reduces  an  ammoniacal  silver  solution  with  the  production  of 
a  mirror ;  (5)  reducible  to  the  alcohol ;  (c)  capable  of  forming 
an  addition-compound  with  NaHSOg  (but  not  one  with  NH3, 
giving  in  the  latter  case  hydro-benzamide,  (CgH5CH)3N2,  with 
elimination  of  HgO) ;  {d)  capable  of  combining  with  HON  (see 
mandelic  acid) ;  (e)  condensWA^  ^\tli  other  aldehydes  and  also 
with   acids  and  ketones  oi  \^^  ^^^»^»^  ^^tv^"s»,  e,.^.  \.<^  v£\sss^^mc 
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.«cid,  (B.  14,  2460  J  15,  2856);  also  with  dimethyl-aniliiie, 
phenols,  etc.  to  triphenyl-m ethane  derivatives ;  (/)  capable  of 
combimng  with  hydroxy lamine  and  phenyl-hydrazine  to 
benzaldoxime,  CgHj — CH=N.OH,  and  benzaldehyde-phenyl- 
iydrazone,  CgHj — CH^N^H — CgH^,  respectively  (a  delicate 
reaction,  cf.  B.  17,  574). 

2.  It  also  behaves  in  every  respect  like  a  benzene  derivative, 
in  that  it  is  capable  of  being  substituted  by  halogens 
(indirectly)  and  of  being  nitrated,  amidated,  sulphurated  etc, 
(directly). 

As  in  tha  case  of  toluene,  chlorine  enters  tlie  side  chain  here  at  the 
boiling  temperature,  with  fonnatjon  of  benzoyl  ohlorido,  CjHj— COCl. 

Of  iU  derivatives  the  Kltro-benzaldeliyaea,  CoH4(NO,)CHO,  arc 
especially  worthy  of  mention.  The  m-conipouud  is  formed  in  largest 
proportion  upon  nitrating,  hut  at  the  Bamo  time  the  o-compoand  to  the 
extent  of  20  p.c.  The  latter  can  be  beat  prepared  by  oiidi;;ing  o-nitro- 
«iiinBmia  acid  by  KMuO^  in  presence  of  benzene,  (B.  17,  121).  Lung 
Oolourlees  oeedlee,  M.  Pt.  46°.  It  is  particularly  interesting  on  account 
<rf  its  convertibility  into  indigo  by  moana  of  acetone  and  oauetic 
(B.  IS,  285G),  and  its  reducibility  to  D-Amido-benzaldehyde, 
C(H4(NH,)CH0,  a  compound  crystallizing  in  silvery  glancing  plates, 
JS.  Pt.  40°,  which  is  of  value  for  various  synthetical  reactions.  (See 
qninoline;  alsoB.'lS,  1S33.) 

Among  its  homologons  aldehydes  we  have  the  three  Tolulc  aldebydes, 
CaH,(CH3)— CHO,  together  with  the  isomeric  Phenyl-aceUc  aidehyde, 
CjHs— CHj— CHO ;  further,  Ciunlo  aldehyde,  cvminol,  or  ino-propyl- 
bemaldehyde,  CgH,(C3Hj,) — CHO,  which  is  contained  in  Roman  oil  of 

As  an  example  of  a  diatomio  aldehyde,  Terepbthollc  aldehyde, 
C|iH([CHO).  (1 :  4),  may  be  taken. 

GUuuunic  aldeHyile,  CnHj— CH=CH— CHO,  is  the  chief  constituent 
L  of  oil  of  ciunamou  (Fereea  cinnamBiDmum),  from  which  it  may  be 
I  isolated  by  means  of  its  NaHSOg~com pound.  It  is  an  oil  of  aromatic 
E    odour  which  boils  at  247°  and  readily  distils  along  with  steam. 

r ' 

a  Ber 
I  col 
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0.  Aromatic  Ketones. 

Acetophenone,  CbH^ — CO — OH3,  is  the  simplest  repre- 
sentative of  the  (mixed)  aromatic  ketonea.  It  OT^^taScn^a  \xi 
coiouF]ess plates,  reaJiJ/soItible  in  watei,  M.  VX,  ^Ci°  ,^.'2\.,'ift^°  i 
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and  is  obtained  by  the  normal  modes  of  preparation  for  ketones 
(e.g.  by  distilling  a  mixture  of  acetate  and  benzoate  of  calcium),  as 
also  by  the  conjoint  action  of  acetyl  chloride  and  aluminium 
chloride  upon  benzene.  It  unites  in  itself  the  properties  of  a 
ketone  of  the  fatty  series  and  of  a  benzene  derivative.  It 
yields  benzoic  acid  and  carbon  dioxide  upon  oxidation,  is  sub- 
stituted in  the  side  chain  by  halogens  when  heated  (e.g.  to 
"  Phenacyl  bromide,"  C^Hg — CO — CHgBr),  and  is  nitrated  by 
HNO3,  etc. 

Its  homologues  resemble  it  m  every  respect,  but  are  liquid  at  the 
ordinary  temperature. 

The  ketone  proper  of  benzoic  acid,  Benzophenone,  CgHg— CO — CqH^, 
is  described  on  p.  444. 

Aromatic  diketones  (cf.  p,  221)  have  also  been  prepared,  e.g, 
Benzoyl-acetone,  CflH., — CO — CHg — CO— CH3,  and  Acetophenone-acetone, 
CgHg— CO— CHa— CH2— CO— CH3.  The  latter,  like  acetonyl-acetone, 
is  readily  converted  into  furfurane,  pyrrol  and  thiophene  derivatives  (see 
p.  299),  e.g,  into  phenyl-methyl-pyrrol,  C4Ha(C8H5)(CH8).NH. 


D.  Oxy-alcohols  and  -aldehydes;  Ketone-alcohols. 

Summary, 

OH  ^"*  Saligenin.  qH    o-:  Salicylic  aldehyde. 

^«^'<CH,.OH  ™;}°XlT'      '''^^<CHO;';}Oxy-benzaldehydes. 

CA<:gE%}^  =  =  ^^.        C,H,<ggH»  Anisaldehyde. 

mr  ^  njj      /o\  =  Protocatechuic 
^"    '\8io   S  ''Idehyde. 

/OH  W_  Vanillic  /O"      <^) 

CHa^-OCH,      (3)  -  ;?""1,°      C,-a^OCE,  (3)  =  VanUlin. 
\CHj.OH(l)       aiconoi.  \cHO  (1) 

etc.,  etc. 

A  large  number  of  compounds  are  known  which  unite  in 
themselves  the  properties  of  a  phenol  and  of  an  alcohol  or 
aldehyde.     They  are  demed  itoxsv  XXv^  ^\m^\^  alcohols,  etc.  by 
^be  entrance  of  hydroxy!  mto  \X\ei  Vm^w  w>\Ovft>;^s.. 


Several  of  these  compounds  occur  in  nature,  < 
a  constituent  of  aalicin  (see  the  glucosides),  whUe  salicylic 
aldehyde  is  found  in  spirtea  varieties  and  vanillin  in  the  vanilla 
capsules.  AnisaJdehyde  results  from  the  oxidation  of  anisol 
(methyl  pbenate), 

Oxj-Kldehydea  eu^  formed  ajnthotically  by  the  action  of  cMorofurm 
upon  au  alkaline  wjlation  of  phenol,  of  dtaxy-benzene,  ef  monomethyl- 
dioxy-benzeue,  eto. ;  e.g.  1  :  2- and  1 :  4-ox;-beDzaldeh7deB  from  pbenol, 
prutocateuliuic  aldehyde  from  pyrocatechiu,  and  vanillin  from  guaiauoL 
(See  p.  407,  if.) 

Vanillin,  methyl-frolocatechuic  aldehyde,  CgHgOg,  which  crys- 
tallizes in  beautiful  needles,  ia  prepared  on  the  large  scale  from 
Goniferin,  Cj^H^jOg  +  SH^O,  a  compound  occurring  in  the  sap  of 
the  cambium  m  the  conifera).  This  is  broken  up  by  acids  into 
glucose  and  Coniferyl  alcohol,  CbH3(OH){OCH3)(C3H,.OH), 
■which  latter  goes  into  vanillin  upon  oxidation,  {Tiemann  and 
Eaarmann) ;  the  CHj-group  ia  split  off  upon  heating  with 
hydrochloric  acid  to  200°,  with  the  formation  of  protocateohuic 
^dehyde.  Vanillin  is  also  found  e.g.  in  asparagus,  raw  heet 
sugar  and  asafcetida,  and  it  likewise  results  from  the  oxidation 
of  olive  wood,  etc. 

Bemoyl  caiUnol,  txey-acelophenojie,  CeHj— CO— OHj.OH,  U  a  ketouio 
alcohol  which  can  be  prepared  from  the  bromide,  C,Hj — CO — CHjBr, 
and  which  cryatallizeB  in  glancing  pla.te8.  It  reeenibleB  acetone-alcohol, 
although  it  is  more  stable  than  the  latter,  and  hus  like  it  strongly 
reducing  propertieB,  reducing  alkaline  silver  and  copper  Bolutious  even 
in  the  cold.     It  yields  an  osazone  with  phenyl-hydraziiie. 


XXV.  Aromatic  Acids. 

The  aromatic  acids  are  analogous  to  the  fatty  acids  in  moat 

reepects.     As  acids  they  are  capable  of  forming  exactly  the 

same  kinds  of  derivatives  as  the  latter,  i.e.  salts,  compound 

ethers,  chlorides,  anhydrides,  amides,  etc,  e.g.  : 

CjHrCO^,  Benzoic  acid. 

CgHfrCO,(CjHs),  Ethyl  bi^nioHtc  ;  (C,Hj.  00)^0,  Benzoic  anhydride  ; 

C,Hi,CO.a,  Benaiyl  chloride ;        CeHj.CO.SHj,  ^niawAo",  tiw. 

Bat  Ihoy  ai-e  at  the  aame  timo  benzene  dema^iwes,  ^"sA,  « 
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Buch,  can  undergo  most  of  the  transformations  of  which  benzene 
itaclf  is  capable.  Thus  chlorine,  bromine  and  iodine  substitti- 
tion  products  and  nitro-,  amido-  and  sulpbonic  acids,  etc.  can 
be  prepared  from  them,  the  amido-acids  can  be  diazotized,  and, 
upon  the  entrance  of  oxygen  into  the  benzene  nucleas,  there 
result  phenolic  acids  (i.e.  compoundB  which  possess  the 
characters  of  phenols  and  of  acids),  quinone  acids,  (i.e.  com- 
pounds at  once  a  qninone  and  an  acid),  etc. 

Alcohol-acida,   ketone-acids,    etc.,    are   likewise   capable  of 
existence  in  the  aromatic  as  well  as  in  the  fatty  aeries. 
We  have,  for  inBtance,  the  followmg  derivatives  : 

C0H4CI.COJH,  chloro-benioic  aeida ; 

CbH^INOjVCOsH,  nitro-benzoio  acids ; 

CgH4(NHj).C0j,H,  amido.benzoic acids; 

CjHiOOjHj.CO^H,  aulpho-baoisoio  aoids ; 

CaH4(0H).C0aH,  oxy-benroio  acids  j 

C8Hs.CH(OH).C02H,  mandelic  acid,  etc. 
Their  modes  of  formation  are  likewise  partly  analogous  t 
those  of  the  fatty  acids,  (cf.  p.  404). 

Tbe  homologoiia  acids  however  do  not  here  show  the  grodnal  changes 
in  physical  properties  which  the  homologous  fatty  acids  do. 

ConsHlutitm.    Corresponding  to  the  aromatic  acids  there  are 
again  nitriles,  e.g.  to  benzoic  acid  benzo-nitrile,  CjHg.CN,  whiofc.'! 
may  alao  he  regarded  as  cyanogen  derivatives  of  the  hydso-l 
carbons  (in  the  above  case,  cyano-benzene),  and  which  e 
converted  into  the  acids  upon  saponification.     From  this  3 
follows  that  their  constitution  must  correspond  exactly  witib 
that  of  the  fatty  acids ;  like  the  latter  they  are  characterize 
by  the  presence  of  carboxyl,  CO.OH,  in  the  molecule, 
are  monobasic,  di-,  tri-  and  up  to  hexabasic  aromatic  acidi 
according  to  the  number  of  hydrogen  atoms  in  the  molec 
which  are  readily  replaceable  by  metal,  i.e.  according  to  the 
number  of  carboxyl-groups : 

CuH,(C02H)2  C,H3(C03H),  0^(00^^), 

Phthalio  acida.       Bonzone-tri- carboxyl ic  acids.     MelUtic  acid. 

Unsaturated  aromatic  amAa  ?i.\ao   exist   in    large    numb«trj 
They  chieHy  differ  &om  t\ie  aa-tmateSi.  ^v^t  "m.  '-Josa.^  ^^^ 
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satnrated  compounds,  they  readily  form  addition -compoundB 
ith  Hj,  Cl^,  HCl,  etc.,  going  thereby  into  the  saturated  acids 
or  their  substitution  products;  this  difference  is  tliuB  just  the 
Bame  as  that  between  the  unsaturated  and  saturated  acids  of 
the  fatty  series.  In  most  of  these  additi  ais  the  benzene 
nucleuB  remains  unaltered,  (cf.  p.  312,  3).  Their  constitution 
18  therefore  entirely  analogous  to  that  of  the  acids  of  the 
acrylic  or  propiolic  series ;  they  contain  a  eide  chain  with  a 
double  or  triple  carbon  bond. 

The  oxy-acida,  such  as  the  oxy-benzoic  acids,  which  posseas 
at  the  same  time  phenolic  and  acid  characters,  manifestly 
contain  phenol-hydroxyl  (i.e.  hydroxy!  which  is  linked  directly 
to  the  benzene  nucleus)  in  addition  to  the  carhoxyl  group  or 
groups ;  they  are  capable  of  yielding  salts  either  as  acids  or  he 
phenols,  but  otherwise  they  correspond  in  many  points  with 
the  alcohol-acids  of  the  fatty  series. 

The  true  aromatic  alcohol-acids,  such  as  mandelic  acid 
(phenyl-glycollic  acid),  which  completely  correspond  with  the 
latter,  manifestly  contain  their  alcoholic  hydroxyl  not  in  the 
benzene  nucleus  but  in  the  side  chain,  as  is  also  the  case  with 
the  aromatic  alcohols. 

Nomenclalure.  The  most  rational  nomenclature  is  the  designa- 
^on  of  the  aromatic  acids  bm  carboxylic  acids  of  the  original 
hydrocarbons  in  question,  e.g.  phthalic  acid  is  benzono-dicar- 
boxylic  acid.  Many  names,  such  as  xyiic  acid,  are  taken  from 
those  of  the  hydrocarbons  into  which  the  carhoxyl  has  entered, 
Thile  others,  such  as  meaitylenic  acid,  indicate  the  hydro- 
earbons  from  whose  oxidation  the  acids  result.  An  important 
principle  as  regards  nomenclature  depends  upon  the  fact  that 
uomatic  acids  can  be  derived  from  almost  eveiy  fatty  acid  of 
any  consequence  by  the  exchange  of  H  for  CgHj,  e.g.  : 
CH3-CO5H,  acetic  acid;  CgH^-CHs-COjH,  phenyl-acetic  acid. 

There  thus  exist  phenylated  acids  analogous  to  the  acids 
of  the  acetic,  glycollic,  succinic,  malic  and  tartaric  aeries,  etc, 

Itropic  acid,  C^H,, — ^^qq  ^jji  f*>r  example,  may  be  design&tad 
i^pheaj/I-acryUc  add,  and  bo  oq. 
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Properties,  Most  of  the  aromatic  acids  are  solid  crystalline 
substances,  generally  only  sparingly  soluble  in  water  and 
therefore  precipitable  by  acids  from  solutions  of  their  salts, 
but  often  readily  soluble  in  alcohol  and  ether.  The  simpler 
among  them  can  be  distilled  or  sublimed  without  decomposi- 
tion, while  the  more  complicated,  especially  phenolic  and 
poly-carboxylic  acids,  give  up  carbon  dioxide  when  heated; 
e.g,  salicylic  acid,  GgH4(OH).C02H,  breaks  up  thus  into  phenol 
and  COg.  Such  a  separation  of  carbonic  anhydride  is  effected 
in  the  case  of  those  acids  which  are  volatile  without  decom- 
position by  heating  e,g.  with  soda-lime;  in  polybasic  acids  the 
carboxyls  may  be  split  up  in  succession : 

CeH4(C02H)2  =   Ce^^iCOfi)  +  CO^  =   G.U,  +  2CO2. 

Occurrence,  A  large  number  of  the  aromatic  acids  are  found 
in  nature,  e.g.  in  many  resins  and  balsams,  and  also  in  the 
animal  organism  in  the  form  of  nitrogenous  derivatives  such 
as  hippuric  acid. 

Modes  of  formation. 

A.  Of  the  saturated  acids. 

1.  By  the  oxidation  of  the  corresponding  primary  alcohols 
or  aldehydes ;  e.g.  benzoic  acid  from  benzyl  alcohol. 

2.  By  the  oxidation  of  the  benzene  homologues  and  of  all 
the  compounds  which  are  derived  from  these  by  substitutions 
in  the  side  chain;  also  of  all  the  derivatives  of  those  com- 
pounds which  contain  halogen,  nitro-,  sulpho-,  etc.  groups, 
hydroxyl  or  carboxyl  in  place  of  benzene  hydrogen  : 

C6H5(CH3)  yields  CfiHgCCOaH) 

^634(0113)2  \  CMACjOM\ 

C6H3(CH3)2(C2H5)  „  CeH3(C02H)3 

C8H5-CH2(NH2)  „  C6H5-CO2H 

CfiH^CUCHg)  „  CeH^ClCCOaH) 

C6H4(N02)(C2H«)  „  CeH4(N02)(C02H) 

C6H3(OH)2(CH3)  „  C6H3(OH)2(C02H) 

C6H4(CH3)(C02H)  „  C6H4(C02H)2 

C6H5-CH=CH-CO^H       „  CeHg-COaH. 

Should  there  be  several  au\e  c\va\»a*m>iNv^m<A^Q.\^^,'vJcv^^  ^sat^  usually 
all    converted    directly   iii\.o   caT\iO^^\  \i^   OoxQXJxvi  ^\\,  ^V^x^sba.Nj^ 
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Baing  dilute  nitric  ncid,  ttiia  transformation  cau  be  effected  step  by 
tap,  e.g.  : 
CjHi(CH3)a  yield  first  C,Hj(CHj,)[CO,H)  and  then  C„H^(COjH)j 
The  xylenes  Toluic  acida  Phtlialic  acids. 

Nevertheless  the  three  olanaes  of  isomeric  benzene  derivatives  with 
two  aide  chains  comport  thcmaelves  differently.  The  para-compouniU 
Are  tlie  most  readily  oxidized  to  acids  by  chrotniu  acid  mixture  ikn<i 
,  whereaa  the  ortho-compounds  are  either  completely 
deatroyed  by  it  (p.  326)  or  not  attacked  at  all.  The  last-named  may 
bowever  be  oxidized  in  the  normal  manner  by  nitric  ncid  or  perman- 
i  of  potash.  The  entrance  of  a  negative  group  (and  also  of 
hydroKyl)  renders  more  difficult  the  osidation  of  an  alkyl-group  having 
the  (i-position  with  regard  to  it  (cf,  p,  3S7). 

.  By  the  saponification  of  the  corresponding  nitrilea  (p. 
402), 

CflH6.CN  +  2HgO   =  CaH6,C02H  +  NHj. 

These  Nitriles,  which  can  be  prepared  from  the  ammonium 
salts  of  the  auids  in  the  same  manner  as  those  of  the  fatty 
iories,  result  from  the  following  syntheses  : 

(a)  By  distilling  the  potash. salts  of  the  siilphonic  acids  with 

potasainm  cyanide  or  ferrocyanide  {Merz),  just  as  the  nitriles 

of  the  fatty  acids  are  formed  from  the  altyl  sulphates  (p.  107): 

CeHf;.803K  +  KCN  =  CflHj.CN  +  SOaK^. 

Nitriles  cannot  as  a  rule  be  prepared  from  chloro-benzenea, 
etc.  and  KCN,  (cf.  p.  333);  the  halogen  is  more  readily 
replaced  by  cyanogen  if  sulpho-groups  are  likewise  present. 
Or  nitro-groups  (in  presence  of  halogens)  can  also  be  replaced, 
as  in  the  case  of  the  bromo-nitro-benzenes,  (B.  8j  1418). 

Benzyl  chloride,  CgH^— CH^C],  and  all  the  haloid  hydro- 
carbons which  are  substitated  in  the  side  chain,  on  the  other 
hand,  show  the  normal  ready  exchangeability  of  halogen  for 
cyanogen ; 

CoHj— CHjCl  +  KCN  =   KCl  +  C.Hj^CH^CN 

Benzyl  cyanide. 
(6)  By  heating  the  mustard  oils  with  copper  or  zinc  dust  (  Wfith) : 

CiH,.NCS  +  3Cu  =  CsHbCTH  +  Co,^. 
(ej  ^&e  moleonlat  tnaatoTnatiou  of  tbeuiom6nQ\Ba-^'Gc&s»^«k 
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somewhat  high  temperature :  (CnHj.NC  =  CaHj.CN).  The  nitrite*^ 
may  be  prepared  indirectly  from  the  ftminea  by  both  the  last  method!,' 
and  atao  by  exchanging  thu  diazo-groap  for  the  cyajiDgen  one  (p.  363). 

(d)  By  eliminatLiig  the  elements  of  water  from  the  oximes  of  tbOi 
aldehydes  (p.  134)  by  meaaa  of  acetyl  chloride  : 

CgH5,(;H=N.0H   =   CsH5.CN  +  HaO. 
Beuzaldoxime. 

4,  Syntheses  effected  by  the  action  of  carbonic  aeid  or  its 
derivatives : 

(a)  Benzoic  acid,  etc.  is  produced  by  the  action  of  carbca^ 
dioxide  upon  mono-bromo-benzene,  etc.  in  presence  of  aodium^ 
{KekuU): 

C^H^Br  +  COj  +  2Na  =  CaH^.COsJ^a  +  NaBr. 

(6)  By  the  action  of  phosgene,  COClj,  or  also  of  CO^,  npoB 

benzene  and  its  homologues  in  presence  of  AIjCl^  {Friedm 

and  Crafty : 

CgHfl  +  COCI3  =  CeH,.COCl  +  HCl. 

Acid  chlorides  are  first  formed  here,  whioh  are  then  to  be  decomposoS 
by  water.  By  the  farther  action  of  these  chloridea  upon  benzene  ilj 
presence  of  AljClg,  ketones  result  (see  benzophenone. ) 

COClj  acts  with  particular  ease  upon  tertiary  amines 
CjHj.N(CHs)j  +  COCl,  =  C8H4[N(CH3)2].C0C1 

{c)  By  the  action  of  carbamic  ohloride,  CI— CO.NHj 
in  presence  of  Al^Clg.  there  result  in  an  analogoaa  manner  tbe  a 
of  the  aromatic  acida,  (Oatlemian  and  Schmidt,  B.  SO,  862) : 

C,H.(CHa)  +  Cl-CO.NHj  =  O^HjIg^'j^^  +  HCl. 

(d)  By  the  action  of  sodium  upon  a  mixture  of  brominatej 
benzenes  and  chloro -carbonic  ether  (fFwiz);  in  this  case  dUjI 
compound  ethers  are  first  formed,  but  these  are  easy 
saponify : 

C^H^Br  +  C1.C0,{C3H,)  +  2Nft 

=  CoH5.COj(CaHs)  +  NaBr  +  NaCl. 

(e)  The  phenolic  acids  are  proiluced  by  passing  carbot 
dioxide  over  heated  aodluia  ■^\vewa.'sft,  (.Kotie ,-  see  p.  41 " 
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In  the  case  of  the  phenola  of  higher  atomicity,  r.g,  reaorcin,  it  often 
mffices  merely  to  heat  with  a  solution  of  ammonium  cBrboniLte  or 
potAssiimi.  biciirbonate,  (B.  18,  930).  Chlorocarbonic  ether  acta  in  a 
similar  way. 

(/)  ^i-Oxy-acidB  are  formed  by  the  action  of  carbon  tetra- 
chloride upon  phenols  in  alkaline  solution,  (B.  10,  2186)  : 
CeHsONa  +  CCI,  =  06H^(OH).CCl3  4-  NaCl. 

CflH,(0H).CCl3  +  4NaOH  =  CgH^iOHi-COaNa  +  3NaCl  +  2np. 

When  chloroform  is  employed,  the  aldehydcB  of  these  (fl- 
uid p-)  oxy-acida  result  in  an  analogous  manner : 
CgH6.0H  +  CHCI3  +  3NaOH 

=   CflH,.(OH)CHO  +  3NaCl  +  2H,0. 

Methylene  chloride,  CH^CI^,  also  BhowB  a  similar  behaviour,  with 
the  formation  of  aromatic  oxy-alcohols. 

(ff)  By  heating  the  sulphonates  with  sodium  formato  (  V.  Meyer) : 
CoHj-SOgK  +  HCOjK  =  CjHj.COjK  +  BSO3K. 

6.  Aceto-acetic  ether  and  malonic  ether  syntheses,  etc, 

{a)  For  the  formation  of  phloroglucin- tricarboxylic  ether  from  Bodio- 
malonic  ether,  bco  p.  32 1 . 

(A)  Sodio-aceto- acetic  ether  yields  a  complicated  benzene  derivative 
in  an  analogous  manner.  {B.  IS,  3460). 

(c)  For  the  production  of  hydroquinona-dicarbosylic  ether,  etc.  from 
ethyl  auccinatB  or  from  brom-aceto-aeetic  ethar,  see  p.  321. 

(d)  For  the  action  of  aceto-acetic  ether  upon  pheuola.  Bee  p.  408. 

(e)  Aceto-acetic  ether  acts  upon  the  haloid  derivatives  which 
are  substituted  in  the  side  chain,  e.g.  benzyl  chloride,  exactly  as 
in  the  fatty  series,  with  the  formation  of  the  more  complicated 
tetonic  acids,  which  again  are  capable  of  undergoing  either 
the  "acid  decomposition"  or  the  "ketone  decomposition" 
(p.  225),  e.g. : 

CeH^— CH2CI  -^  CHa— CO— CHNa— COgR 

=   CH3— CO— CH(C;H,)— CO2K  +  NaCl. 
Benzyl -aceto-acetic  ether. 
CH,— CO— CH(C,H,)— CO,E  +  H,0 

-  C,H,— CH,— CH,— CO;E  +  CH,.CQ^a. 
fhen^l-propioDic  ether. 
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6.  Alcobol-acids  and  ketone-acids  are  formed  by  exactly  the  same 
methods  as  in  the  fatty  series  (p.  207))  t,g,  mandelic  acid  by  the  com- 
bination of  hydrocyanic  acid  with  benzaldehyde,  and  saponification  of 
the  resulting  nitrile,  (B.  14,  239,  1965): 

CeHj— CHO  +  HON   =   C.H6-CH(0H)— CN ; 

or,  from  a-chlorophenyl-acetic  acid,  (B.  14,  239) : 

CeHg— CHCl— CO,H  +  KOH  =  CgHj— CH(OH)-COaH  +  KCl. 

7.  Hydro^-cumaric  acid,  hydrocinnamic  acid,  ^-oxyphenyl- 
acetic  acid,  etc.  are  produced  by  the  decay  of  albumen,  (R 
16,  2313). 

B.  Gf  the  unsaturated  acids. 

1.  From  the  mono-haloid  substitution  products  of  the 
saturated  acids  in  the  normal  manner  (p.  164);  similarly 
from  the  corresponding  nitriles,  primary  alcohols,  etc.,  as 
in  the  case  of  the  saturated  compounds. 

2.  According  to  the  so-called  Ferhin  reaction,  by  the  action 
of  aromatic  aldehydes  upon  fatty  acids.  Thus,  when  benzalde- 
hyde  is  heated  with  acetic  anhydride  and  sodium  acetate, 
cinnamic  acid  is  formed  : 

CeH5.CHO-i-CH3.C02Na  =  CgHg— CH=CH— COgNa  +  HgO. 

The  acetic  anhydride  only  acts  as  a  dehydrating  agent  in 
this  instance,  the  reaction  taking  place  between  the  sodium 
acetate  and  the  aldehyde,  (cf.  A.  216,  9). 

Oxy-acids  are  formed  as  intermediate  products  here  by  a  reaction 
similar  to  "aldol  condensation"  (p.  134);  in  the  above  case,  for 
instance,  /3 -phenyl -hydracrylic  acid,  CgHg— CH(OH)— CHa— COjjH. 

This  reaction  also  takes  place  with  the  oxy-aldehydes,  with  the 
homologues  of  acetic  acid,  and  also  with  dibasic  acids,  e,g.  malonic. 

3.  Cinnamic  acid  results  in  an  analogous  manner  by  the  action  of 
benzal  cloride  upon  sodium  acetate  [Caro)  : 

CgHg-CHCla  +  CHg— COaH  =  CeHj— CH=CH-CO,H  +  2HC1. 

4.  By  the  action  of  aceto-acetic  ether  upon  the  phenols  in  presence 
of  concentrated  H2SO4,  there  are  formed  unsaturated  phenolic  acids  or 
their  anhydrides  (B.  16,  2119;  17,  2191),  e.g.: 

QH,(OH)  +  ^^^^     -    CeH4<^         _^^   +  2H,0. 

Aceto-acetic  etViet*  '^^JOo.iX-^iXflM^Tv^. 
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4a,  Malic  aeiii  acta  upon  phenoli  in  prescnca  of  H^SOj  iu  an 
aaloguua  manner,  reaoting  here  probaWy  as  the  half-alilehyde  of 
lalonic  acid,  CHO-CHj— COaH  (  =  malio  acid,  C5Hj(0H)(C0jH)^ 
CO,H,  [nee  p.  22-2]),  («.  Pechimnn,  B.  17,  929) : 

"^"^^^  +^ HO.CO     =  *''^*^0    -CO  +  ^»°- 

Malonic  aldehyde-acid.         Cutmirin. 


A.  Monobasic  Aromatic  Acida 

(Seetable,  p.  410.) 

Consliiuiion  and  Isomers.  The  CEisea  of  iBomeriam  in  the 
aromatic  acids  are  easy  to  tabulate.  An  isomer  of  benzoic 
acid  is  neither  theoretically  possible  nor  actually  known. 
Carboxylic  acids  of  the  formula  CgHgO^  may  however  be 
derived  from  toluene  by  the  entrance  of  carboxjl  either  into 
the  benzene  nucleus  or  into  the  side  chain,  thus  : 

aflH,(CH3){002H)  C6Hs.CHg.C0gH 

(3)  Toluic  acids.  Phenyl-acetic  acid. 

The  behaviour  of  these  acids  upon  oxidation  yields  proof  of 

their  constitution,  the  former  going  into  the  phthalic  acida 

and  the  latter  into  benzoic. 

Of  acida  CgH^QOg,  a  large  number  of  isomera  are  already 
known  (see  table).  Hydrocinnamic  acid  and  hydratropic  acid 
phenyl-propionic  acids,  the  former  /3-  and  the  latter  a-, 
corresponding  to  the  lactic  acids  ;  the  isomeric  relationa  of  the 
fatty  acida  thus  repeat  themselves  here  also.     The  a-xylic  acids, 

CgHj<^pu' QQ  TT-  and  the  etliyl-benzoic  acida,  CflHj<^?j  |i, 

stand  in  tiie  same  relation  to  each  other  as  aceto-acetic  acid, 
CHj — CO — OHg — CO^H,  does  to  propionyl -formic  acid, 
CaH^— CO— COjH,  and  they  al!  yield  phthalic  acids  upon 
oxidation.  Lastly,  mesitylenic  acid  and  its  isomers  are 
di methyl-be UKoic  acids,  and  are  oxidizabVe  \io  \ieaii«s.^Vvi.- 
earbox^lic  acids. 

I  ,     \PoatiiTkued  tfft  -p.  * 
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Summary  of  the  Monobasic 


1.   Monatomic  saturated  Acids. 


M.Pt. 


G7  {Benzoic  acid, .     • 
Phenyl-acetic  acid, 


o 


«  I O;  rn'y  p-Toluic  acids, .... 


'Hydrocinnamic  acid,   .... 
Hydratropic  acid, 


a-Xylic  acid, 

Ethyl-benzoic  acid,  •     •    • 

Mesitylenic  acid,     .  (1:3:5)' 

Xylic  acid,      .     .     .  (1:2:4) 

^Paraxylic  acid,    .     .  (1:3:4), 

Cio{Cuinic  acid,    .     .    .  (1  :4,  iso-) 

etc. 


GgH-g — COjH. 
CqMq — CH2— — COjH 

Cg  H5 — CH2 — CH2 — COjH 


120** 

76"* 

IC^** 
110° 
180° 

47° 
liq. 

42° 

62° 
110° 

166° 

126° 

163° 

116° 


2.    Monatomic  unsaturated  Acids. 


Cinnamic  acid,    .     . 
Atropic  acid,  .     .     . 
C9  jPhenyl-propiolic  acid, 


o 


.         .         • 


CeHg— CH = CH— CO2H 


C«H«- 


'6"5 


C<g^^ 


,H 


C«H.— C=C— CO«H 


133" 
106° 
136^ 


6.   Unsaturated  Phenolic  Acids. 


j«  J  Cumaric  acid  (0-,  p-),  .     •     . 
^  \  etc. 


C6H4(OH)- CH=CH-C02h|''- 


207° 
206° 


*  1  : 3 ;  5,  etc.  •,  CO^'m  ^\^an\. 


.   Di&toTtiio  sstarated  Phenolic  Acids. 


q,  f  Salicylic  acid  (1:2)      \ 
(S  Im-,  p-OxybanzQicftcidsJ 

[Aniaic  acid  (I  -.i],  .     .     , 
Ca  { Oxy-toluic  acids,     .     .     . 


I  Hydro-para- oumaric  acid  (1  ;  4), 
(TjToainMl  :  4) 


C,Hi(0.CHs).C05H] 
•^'^'^CHj— CHj-COjH 


c  aatarated  Alcohol-  and  Ketooe-AcidB. 


Cg{Mandei;oacia,  .  . 
Cg  {Tropic  acid,  .  .  , 
Cg  {  Benzoyl-formic  ncid, 
C,  J  Baniioyl -acetic  acid, 


C,Hs-CH(OH)-COsH 

CsH,— CO— COjH 
CjHs— CO— CH,— CO3H 


5,   Tri-  and  polyatomic  Phenolic  Acids, 


Cj  (Protocatechuic:  acid  (1:3:4) 

[Vanillic  acid, 

C,  f  Orsellinic  acid, 

1  Gallic  acid 
[T-iil" 
Qninic  acid, 


C,H3(0H),(C0,H) 

C8H3(0H)(O.CH3)(C0„H)] 

Caea(CH3)(OH)g(C05H) 

C,H,(OH)j(CO,H) 

CjH.(Ha)(OH).(CO,jH) 
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Am  ig  eaaily  seen,  the  faUawing  acidg  are  isomeric  with  oamio  acid 
(p-iBopropyl -benzoic  acid),  CjoHijOj;  firat,  ji -normal-prop jl -benzoic  acid 
and  the  corresponding  o-  and  m-compounds,  then  the  methyl-ethyl- 
benzoic  acidB,   trim  ethyl- benzoic  acids,  phenyl-butyrie  acids,  and  so 

As  instances  of  isomers  among  the  unsaturated  acids  we  may  take 
oinnamic  and  atropic  acids  (onalogoas  to  ^-  and  a-chlor-acrylic  acids,    - 
p.  169). 

Further,  the  oxy-to!uic  atids,  C,H,(CHj)(OH)(C05H),  are  iaou.Brio 
with  maodelic  acid,  CaHs— CH(OH)— COjH,  the  farmer  being  osidizabla 
to  ojiy-phthalio  acids,  CbH,(OH)(COjH)j,  and  the  latter  to  benzoic  acid ; 
the  hydrocumaric  acids,  C^]„Oj,  are  likewise  isomeric  with  tropic 
acid.  The  lirst-named  go  into  oxy-bensoic  acids  upon  osidation  and 
the  last  into  benzoic. 


1.  Monatomic  Saturated  Acids. 
Benzoic  Acid. 

Benzoic  acid,  CgHj.COjH,  was  discovered  in  gum  benzoin 
in  1608  and  prupared  from  urine  by  Schedc  in  1785,  Its 
composition  was  established  by  Liebig  and  Wohler's  clasaical 
researches  in  1832.  It  occurs  in  nature  in  gum  benzoin,  from 
which  it  maybe  obtained  by  sublimation  ("Aoidum  benzoicum 
ex  resina  ") ;  also  in  dragon's  blood  (a  resin),  in  Pern  and  Tolu 
balsams,  in  castoreum  and  in  cranberries.  It  is  present  in  the 
urine  of  horses  in  combination  with  glycocoll  as  hippuric  acid, 
from  which  it  results  upon  boiling  with  hydrochloric  acid 
("acidum  benzoicum  ex  urina").  It  is  obtained  on  the  larga 
scale  ("ac.  benz.  e  folnole")  as  a  bye-product  in  the  manufac- 
ture of  oil  of  bitter  almonds  from  benzyl  chloride  or  benzal 
chloride.  The  acid  may  also  be  got  by  heating  benzo-tri- 
chloride  with  water  to  a  somewhat  high  temperatnre : 
CeHg.CClB  +  2HjO  =  CgHj.COsH  -f-  3HC1. 

Benzoic  acid  is  also  present  in  coal  tar.     It  cryatallizea  in 

colourless  glancing  plates  or  flat  needles,  snbiimes  readily  and 

is  volatile  with  ateam,  its  vapour  having  a  peculiar  irritating 

odoar  and  giving  riae  to  cowg\vm%.    M..  ?\..  \ir ,  E.  Pt  250''. 

/*  ia  readily  soluble  in  \iot  -waSft^  ^^a^  ^vi^  'Sa^'Ov^  '\a.    " 
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Wfaen  heated  with  hme,  it  is  decompoHed  into  benzene  and 
carbon  dioxide.  It  ia  used  in  medicine  and  in  the  manufac- 
ture of  aniline  blue.  Some  of  its  salts  ciyatallize  beautifully, 
e.g.   calcium  beuKoate,   (CjHj.COjj^Ca  +  aH^O,  in  glancing 


Ethers,  Avhydrides,  Amides,  etc.,  of  Bmxoic  Acid. 

The  ethers,  e.g.  Methyl  henzoate,  C^^^-CO^CYi^),  B.  Pt. 
190°,  and  Ethyl  benzoate,  C^B.^.C04<3i'^t)'  B.  Pt.  211°,  are 
prepared  as  given  on  p.  174  (by  means  of  HGl),  and  are 
liquids  of  pleasant  aromatic  odour  which  boil  for  the  most 
part  without  decomposition. 

Benzyl  benzoate,  G^^.GO.^.{QiB.^G^^),  is  present  in  the 
balsams  of  Peru  and  Tolu  (from  Myroxylon). 

Benzoyl  chloride,  OflH^.CO.Cl  {lAehig  and  WShler),  which 
can  be  obtained  by  acting  upon  the  acid  with  PClg,  is  the 
complete  analogue  of  acetyl  chloride  but  more  stable  than 
the  lattei',  since  it  is  only  slowly  saponified  by  cold  water, 
although  quickly  by  hot. 


Benzoic  anhydride,  (CjH5.CO}gO  (Gerhardt),  is  exactly 
analogous  to  acetic  anhydride.  It  crystallizes  in  prisms 
insoluble  in  water,  holla  without  decomposition  and  becomes 
tydrated  on  boding  with  water. 

Benzamide,  CgU^.CO.NH^,  exactly  corresponds  with  acet- 
smide  and  is  easily  prepared  from  benzoyl  chloride  and 
ammonia  or  ammonium  carbonate.  It  forms  glancing  mother- 
of-pearl  plates  of  130°  M,  Pt,  bods  without  decomposition  and 
is  readily  soluble  in  hot  water. 

Tbe  amido -hydrogen  of  benzamide  may  he  substituto^l  by  alcohol 
radicles  such  as  phenyl,  etc,  with  the  formation  e.g.  of  Bensanlllde, 
CsH^CO.NHC„Hj,  tlie  anilide  of  benaoic  acid,  a  compound  which  caii 
he  readily  prepared  from  aniline  and  henzoic  acid.  It  crystallizes  in 
eoIourlesB  ptutoB,  M.  Pt.  IQH°,  distilB  omihMi^eil,  %n&  \&  Kti.  VaK.*:.  "C 
tlete  aaalogue  of  aoeteiiilide. 
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Hippuric  acid,  benzairddo-aeetie  add, 
C„H„NO,,   ^  9H,-NH-C0-C,H,    .^        amido-derivative 

'  "  '  COjH 
of  benzoic  acid,  being  derived  from  the  latter  and  glycocoll 
(amido-acetic  acid);  it  may  be  prepared  e.g.  by  heating 
benzoic  anhydride  with  glycocoll,  (B.  17,  562).  Hippuric 
acid  is  present  in  the  urine  of  horaea  and  of  other  herbivore 
When  benzoic  acid  or  toluene  is  taken  internally,  it  is  voided 
in  the  form  of  hippuric  acid.  It  crystallizes  in  rhombic  prismB, 
sparingly  soluble  in  cold  water  but  readily  in  hot,  decomposes 
on  being  heated,  and  forma  salta,  ethers,  nitro-derivatives,  etc 


(Mora-,  Nitro-  and  Svlpk-amido-benxoic  Acids. 

The  by drogeii  of  benzoic  acid  ia  replaceable  hj  halogen  with 
formatioD  e.g.  of  Chloro-beiinila  add,  CgHiCLCO,H.     In  such  forma- 
tioD  of  mono-aubatitution  pruducta  the  halogen  takea  up  the  i; 
position  U)  the  carbonjl.     Nitric  acid  (espBcially  a  mixture  of  i 
and  Butphuric  acids)  nitrates  readily,  in-Hitro-lMnEOlo  add  being  chieBy 
produced,  together  with  a  smaller  quantity  of  the  ortho-  and  a,  verj 
little  of  the  para-acid. 


the  reduction  of  the  nitro-acids  by  tin  and  hydrochloric  acid, 
etc,  are  at  the  same  time  bases  and  acids,  and  therefore 
similar  to  glycocoll  in  chemical  character ;  they  combine  with 
hydrochloric  acid,  hydrochloric  acid  and  platinic  chloride,  etc. 
as  well  as  with  bases.  With  regard  to  their  constitution,  (£ 
p.  308. 

o-Amldo-benzoic  add  ia  also  obtained  from  the  oxidation  of  indigtt 
with  manganese  dioside  and  caiiatic  soda,  and  ia  often 
AnUuanllla  add ;  it  forms  [in  contradistinction  to  the  fii-  and  p-acid^ 
an  intramolecular  anhydride,  Anthranll,  C,Hj<^jjjj>. 

raamldo-benzoic  adds,  CaHs{NH5),(C0iH),  (aee  p.  .114).     The 
benzoic  nitrates,  C6Hi<^q -g^         »,^o»aEsa«i\'ca.4e^»»  \hs.  ohara»^ 
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leriHticH  of  the  dtazo-cnmpouiida  already  deBcribed,  and  ahow  the  atuna 
transforinBtions  ;  they  yield  benzoic  acid  wben  boiled  with  alcohol, 
oiy-beu£oic  acid  with  water,  and  iodo-benzoic  acid  with  bydriodic  acid, 

DIazo-amido- compound  a  are  also  known. 

The  Snlpho- benzole  aclda,  OeH4(!JOsH)(CO„H),  are  dibasic  acids. 
■     One  of  the  ammonia  derivatives  of  o-sulpbo-bcDZoic  acid  is  that 
eminently  sweet  substance,  the  so-called  "  Baccliarine,"  CaHj<^Q°>NH, 
i.e.  o.BtilphD-benzoic  imide,  or  n-benzoyl  Bulphoue.imide,  an  amide  com- 
parable with  snccinimide. 


Bmw-nitrile, 

Benzo-nitrile,  CgHgCN  (cf,  p.  405),  is  an  oil  which  emellB 
like  oil  of  bitter  almonds  and  boils  at  191°.  It  is  prepared 
either  by  tho  action  of  PCI5  upon  benzamide  (p.  183),  or  by 
distilling  benzoic  acid  with  ammonium  sulphocyanide.  It 
possesses  all  the  properties  of  a  nitrile,  combining  slowly  with 
nascent  hydrogen  to  benzylamine,  readily  with  halogen 
hydride  to  imido-chloride,  with  amines  to  amidines  (p.  185; 
cf.  A.  192,  1),  with  hydroxylamine  to  amidoxiraes  (p.  186), 
and  so  on. 


Adds,  CgHgOy 

1.  The  three  Tolnic  acids,  CaH^(CHg)(C02H),  can  be  pre- 
pared from  the  three  xylenes.     Isomeric  with  them  ia  ; 

2.  Phenyl-acetio  acid,  a-toluic  acid,  C^B.^.C'S^.CO^, 
(Cawninaro,  1855).  This  acid  differs  characteristically  from  its 
isomers  by  its  behaviour  upon  oxidation  (see  p.  409).  It 
results  synthetically  from  benayl  chloride  and  potassium 
cyanide,  Benzyl  cyanide,  CeH5.CHj.CN  (B.  Pt.  229''),  being 
formed  as  intermediate  product ;  it  crystalhzes  in  glancing 
plates,  M.  Pt.  76°,  B.  Pt.  262°. 

~  ;  is  capable  of  undergoing  substitution  either  in  the  benzene 
nucleus  or  in  the  side  chain.  In  the  latter  case  thece  8.W, 
formed  comjioutids  such  as  : 
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Phenyl-chlor-acetlc  add,  CgllB— CHCl— CO2H,  and  2 

Fhenyl-amido-acetlc  add,  CgHj — CH(NH2)— COjH,  compouads  which 
possess  precisely  the  same  character  as  monochlor-acetic  and  amido- 
acetic  acids.  Isomeric  with  phenyl*amido-acetic  acid  are  the  three 
Amido-plienyl-acetlc  adds,  CgH4(NH2) — CH2 — CO2H,  of  which  the 
o-acid  is  interesting  on  account  of  its  close  relation  to  the  indigo  group. 
It  does  not  exist  in  the  free  state  but  goes  into  an  intramolecular 
anhydride,  oxindole  (p.  434)9  when  set  free,  thus : 

C6H4<cH2_C02H    =    C6H4<^g^>CO  +  HjO. 

Such  a  formation  of  intramolecular  anhydride  is  of  very  frequent 
occurrence  in  ortho-compounds  of  this  kind,  in  contradistmction  to  the 
m-  and  ^-compounds  (see  Indole).  Theoretically  it  may  take  place  in 
the  above  instance  in  two  different  ways,  viz.,  either  by  the  elimination 
of  a  hydrogen  atom  of  the  amidogen  together  with  OH,  or  of  both  of 
the  amidogen  H-atoms  with  0.  These  two  cases  are  distinguished  by 
Baeyer  as  '*  Lactame  formation  "  and  *'  Lactime  formation." 

Oxindole  is  a  lactame,  while  isatin,  CgH4<^^L-^C.0H  (p.  433),  is  a 

lactime  of  o-amido-phenyl-glyoxylic  acid  (p.  424). 

Both  lactames  and  lactimes  contain  hydrogen  which  is  readilj 
replaceable  ;  in  the  former  case  it  is  present  in  the  amido -group  and  in 
the  latter  in  the  hydroxyl. 

If  the  compounds  which  result  from  the  replacement  of  hydrogen  by 
alkyl  are  very  stable,  the  alkyl  in  them  is  linked  to  the  nitrogen  and 
they  are  derivatives  of  the  lactames  ;  if  on  the  contrary  they  are  easily 
saponifiable,  the  alkyl  is  linked  to  oxygen  and  they  are  ethers  of  the 
lactimes. 


Acids^  CgHioOg. 

1.  Dimethyl-benzoic    acids,    xylene-carboxylic   adds, 
CgH3(CH3)2(C02H).     Of  these  six  are  possible  and  four  are 
known. 

Mesitylenic  acid,  (CO2H  :  CH3 :  CH3  =  1:3:6),  results  from  the 
oxidation  of  mesitylene,  and  the  two  isomeric  Xylic  adds  (1  : 2  :  4)  and 
Paraxylic  acid  (1  :  3  : 4,  see  table,  p.  410)  from  that  of  pseudo-cumene. 
Isomeric  with  them  are  : 

2.  a-Xylic  acid,   C6H4(CH3)— (CHg— CO2H)   (1  :  4),   and   the  Ethyl 
benzoic  acids,   C6H4(C2H5^CO^H,  botk  oi  which  are  bi-derivatives  of 
benzene,  (cf.  p.  409  and  also  t\ie  \.a^Afe^. 
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■       3.  The  Phenyl-propionic  acids,  O^H^—CjEj—CO^-  These 
may  be  either  a-  or  /3- derivatives  of  propionic  acid. 

^-?IieiiyI-pTOpioiiic  aoid  or  HydroDinnamio  acid, 
CgH^— CHj— CHj— CO^,  results  from  the  action  of  sodium 
■malgam  tipon  cinnamic  acid  and  from  the  decay  of  albuiniiious 
matter.     Fine  needles;  M.  Pt.  47°,  B.  Pt.  280°. 

Many  substitntion  producta  etc.  of  thia  aoid  are  known,  among 
which  may  he  mentioned  o-ITitro-clJiiuuiilo  dibromide, 

CgHj-O-.ut. fHRr CO  H'   *  compound  nearly   related   to   indigo 

(p.  4<jl);  further,  Phenyl- a -omlilo -propionic  acid  (phenyl-alanine), 
CgHs— CHa_CH(NH5)— CO,H,  and  Phenyl-^ -amiao-proploulD  acid, 
CsHj— CH(NH,)— CHa— COjH,  both  of  which  oan  be  prepared  eyutheti. 
rally,  the  former  being  likewise  produced  by  the  decay  of  albumen  and 
by  the  genmna.tian  of  (e.g.)  LupinuB  luteuB. 

The  iaomeric  o-Amido-hydroolnnainio  add,  Po^i-C^  h'_co  H  " 
not  stable,  bat  goes  immediately  into  its  lactame,  hydro -earboBtyril, 
CjHjON,  a  qninoline  derivative. 

Hydratroplc  aoid,  CaH,— CH(CH3)-C0aH,  ia  obtained— aa  its  name 
implies — by  the  addition  of  hydrogen  to  atropic  acid.  It  ia  liqnid  and 
volatile  with  steam. 


Acids,  CioHiaOj. 

Among  these  may  be  mentioned  Cnmic  acid  or  p-isopropyl- 
benzok  add,  CjH^(CgH,){COaH),  which  is  obtiiined  by  oxidizing 
.Roman  oil  of  cumin  with  permanganate  of  potash;  (this  oil 
contains — in  addition  to  cymene — ita  aldehyde,  curaic  alde- 
hyde)- It  also  results  from  the  oxidation  of  cymene  in  the 
animal  organism,  the  propyl  group  being  here  changed  into 
the  iaopropyl  one-  It  crystallizes  in  plates,  boils  without 
decomposition,  and  yields  cumene  when  distilled  with  lime. 

The  isomeric  normal  Propyl -benzoic  add  has  also  been  prepared  (see 


2.  Monatomic  unsaturated  acids. 
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{TTtmmsdtfff,  1780),  occurs  in  Peru  and  Tolu  balsams  and  rfao 
in  Btorax,  and  may  be  prepared  aa  given  at  p.  408.  It  crystal- 
lizes  in  needles  or  prismB,  readily  soluble  in  hot  water ;  M.  Ptc 
133°,  B.  Pt  290°.  When  fused  with  potash,  it  is  split  up  intq 
benzoic  and  acetic  acids,  going  into  the  former  also  upon 
oxidation.  It  yields  salts,  compound  ethers,  etc. ;  also  HOI> 
HBr-,  HI-,  ClOH-,  Br^-  etc.  addition  compounds,  e.g.  cinnamio 
dibromide  (phenyl-dibromo-propionic  acid),  C^Hj — CHEi 
CHBr — COgH.  Further,  the  hydrogen  in  the  benzene  nucleus 
may  be  replaced  by  CI,  Br,  NOg,  NH^,  etc.;  thus,  upon  nitrat- 
ing cinnamio  acid  we  obtain : 

0-  and  ^-Nitro-cinnamic  acids,  CgHj<V,j,^p,T^pQ  r, 
the  first  of  which  is  of  importance  on  account  of  its  relation  to 
indigo.      On    reduction    it    yields    o-Amido-CtQiiaaiic    acid, 

CgH^<^pTT^jig QQ  g-  (fine  yellow  needles),  which  readily 

gives  up  water  and  goes  into  its  lactime  carbostyril  (a-oxy- 

•     r     .  n  «  /OH=C(OH) 
qmnolme),  CflHj<;    j^^^g      ■ 

maso-dnnainic  adds  are  also  known. 

The  uinnainic  uuids  which  lire  chloriuiLted  in  the  aide  chain  Bhaw 
iutercBting  isomeria  relations,  (B.  IS,  16  ;  16,  1380). 

The  radicle  of  oinnamie  acid,  U.  (CBHt— CH=CH— CO),  is  terraad 
"cionamyl,"  and  the  group  (C^Hj — CH=CH),  "cinnajnenyL" 

2.  Atropic  ada,  CjHjOj,  ia  a  decomposition  product  of  atropine, 
crystallizes  in  inonocliiiic  tables  and  can  be  distilled  with  steam. 
breakB  up  into  formic  and  a-toluic  acids  when  fused  with  potash,  thiil: 
decompoaition  taking  place  at  the  point  of  the  double  bond,  at  in  tlw, 
cases  of  ciunaraic  acid  and  the  unsaturated  acids  of  the  fatty 

3.  (-/l-Pliflnyl-iBocrotonlc  add,  C8U,^CH=CH— CHj— CO,H,  reauH*. 
upon  heati]j)(  benzaldehyde  with  sodium  succinate  and  acetic  anhydrid^, 
(If.  H.  FerHn,sen.): 

CH„— CO„H 
C,Hj— CHO  +  \  -  HjO   : 

CH,— COaH  CHj— CO5H 

Phenyl -paraconic  acid. 
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It  is  of  interest  on  nctount  of  ila  conversion  into  n-naphthol  upon 
boiling  (Bee  p.  466)- 

4.  Phenyl-propiolic  acid,  CgH^Oj,  =  OgHj— C^C— CO,H 
(Glaser,  1870),  is  formed  by  the  addition  of  bromine  to  ethyl 
oinnamate  and  subBequent  heating  of  the  dihromiiie, 
CgH^— CHBr=CHBr— COaC^Hj,  so  obtained  with  alcoliolic 
potash  (juat  as  ethylene  is  converted  by  bromine  into 
ethylene  bromide,  and  the  latter  decomposed  into  acetylene 
by  potash).  It  crystallizes  in  long  glancing  needles  which  can 
be  subhmed;  M.  Pt.  136-137°.  When  heated  with  water 
to  120°,  it  breaks  up  into  COj  and  phenyl-acetylene  (p.  332). 
It  can  be  reduced  to  hydrocinnamic  acid  and  transfonned  into 
benzoyl-acetic  acid. 

o-Hitro-phenyl-propiolic  aeid,C^U4<^p_l^ qq  ti  (Baeyer), 

is  prepared  in  a  manner  analogous  to  that  just  given,  viz.,  by 
the  addition  of  Br^  to  ethyl  o-nitro-cinnamate  and  treatment  of 
the  resulting  bromide  with  alcoholic  potash,  (A.  213,  340).  It  is 
employed  teclinically  on  accoui\t  of  its  relation  to  indigo  (see 
p.  431).  It  breaks  up  into  CO^  and  o-nitro-phenyl-acetylene 
upon  boiling. 


3.  Diatomic  (saturated)  Phenolic  Acids. 

for  modes  offormaiiiin,  see  p.  406.  These  acids  may  also  be 
obtained  by  the  oxidation  of  the  homolognes  of  phenol  and  of 
the  oxy-aldehydes,  which  is  effected,  among  other  methods, 
by  fusing  with  alkalies. 

The  phenolic  acids  form  salts  both  as  carboxylic  acids  and 
as  phenols,  salicylic  acid,  for  instance,   the  two  following 


c.H.<§; 


tral"    and    "  Basic  "  eodium  salicylata. 


The  first  of  these  two  salts  is  not  deeomposft(\  \i^  *iVi^,Ni\Sw> 
I  aeeond,  aa  the  salt  of  a  phenol,  is  deaota'^Qft^Vj  Sii  w^ 
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converted  into  the  first.  The  diatomic  phenolic  acids  behave 
therefore  like  monobasic  acids  towards  sodium  carbonate. 
When  both  of  the  hydrogen  atoms  are  replaced  by  alkyl,  there 
are  formed  compounds  such  as  CgH4(OC2H5).C02(C2H5),  which 
are  only  half  saponified  upon  being  boiled  with  potash  [e,g. 
to  CgH4(OC2H5).C02H].  Such  ether-acids  possess  completely 
the  character  of  monobasic  acids,  their  alcoholic  radicle  being 
only  eliminated  by  hydriodic  acid  at  a  rather  high  temperature. 
(Cf.  p.  382.) 

The  o-oxy-acids  (CO^H :  0H=1  :  2)  are,  in  contradistinction  to  their 
isomers,  volatile  with  steam,  give  a  violet  or  blue  colouration  with  ferric 
chloride,  and  are  readily  soluble  in  cold  chloroform. 

The  m-oxy-acids  are  more  stable  than  the  o-  and  p-compounds; 
while  most  of  the  latter  break  up  into  carbon  dioxide  and  phenols  when 
quickly  heated  or  when  acted  on  by  hydrochloric  acid  at  120^  the 
former  remain  unaltered. 

The  phenolic  acids  are  much  more  easily  convertible  into 
substitution  products,  etc.  by  halogens  or  nitric  acid  than  the 
monatomic  monobasic  acids,  just  as  the  phenols  are  far  more 
readily  attacked  than  the  benzene  hydrocarbons. 


Oxy-henzoic  adds,  CgH4(OH)C02H. 

Salicylic  acid,  o-oxyhenzoic  acid,  (COgH :  OH  =  1:2). 

This  acid  was  discovered  by  Piria  in  1839. 

Occurrence.  In  the  blossom  of  Spiraea  Ulmaria,  as  methyl 
ether  in  oil  of  winter  green,  etc. 

Formation,  By  the  oxidation  of  saligenin ;  by  fusing 
cumarin,  indigo,  o-cresol,  etc.  with  potash;  by  diazotizing 
o-amido-benzoic  acid,  etc.,  etc.     For  other  methods,  see  p.  406. 

Preparation.  1 .  By  heating  sodium  phenate  in  a  stream  of 
carbonic  acid  at  180-200°  (Kolbe,  A.  113,  125;  115,  201,  etc), 
when  half  of  the  phenol  distils  over  and  basic  salicylate  of 
sodium  remains  behind : 


'3 


C6HpiSa.-vC0^=  G^H^(PH).CO^Na; 


Shonld  potaBBinm  phenatie  be  used  instead  of  the  sodium  coiniMnind, 
■alicylic  auii)  is  likewise  foTtiied  if  the  temperature  be  kept  low  (160°), 
Imt  the  isomeric  pBra-oEybDnEoic  acid  nt  a,  higher  teinpurnture  (220°). 
Neutral  aalicylate  of  potaasium,  CjH.IOHj.COiK,  decompoaoa  io  an 
malogonB  manner  at  220°  into  phenol  and  baaio  potaseium  ji-oxy- 
benzoate. 

2.  Sodima  phenate  is  heated  with  COj  in  a  closed  vessel  to  130°, 
when  neutral  salicylate  of  aodium  results,  {Sckmitt,  B.  30,  Bef.  302), 
Bodinm  phenol'Carbonate,  CgU,,O.CO,Na,  being  formed  here  as  inter- 
mediate product. 

Salicylic  acid  crystallizes  in  colourless  four-sided  nionoclinic 
prisms,  sparingly  soluble  m  cold  water  but  readily  in  hot ; 
M.  Pt.  155°.  It  can  be  sublimed,  but  breaks  up  into  phenol 
and  COg  when  heated  quickly  ;  Fo^Clg  colours  the  aqueous 
solution  violet.  It  is  an  important  antiseptic.  It  forma  two 
aeries  of  salts  (the  basic  calcium  salt  being  insoluble  in  water), 
and  two  series  of  derivatives,  viz. :  (1)  as  an  acid  it  yields 
chlorides,  compound  ethers,  etc.,  and  {2)  as  a  phenol  it  yields 
a  methyl  ether,  etc.  e.ff.  ethyl-salicylic  acid,  C8H4(O.CaH(,)COgH. 
(Cf.  p.  382.) 

With  phenol  as  alcohol  there  reaults  Phenyl  salicylate, 
CgH^tC^pQ  Qj,  TT  generally  termed  "  Salol,"  a  good  anti- 
septic, which  is  prepared  by  the  action  of  an  acid  chloride  such 
as  COCIg  upon  a  mixture  of  salicylic  acid  and  phenol,  (B.  30, 
Eef.  351).  It  forms  colourless  crystals.  When  its  sodium 
■alt  is  heated  to  300°,  it  undergoes  molecular  transformation 
into  the  aodium  salt  of  the  isomeric  Phenyl-aalicylic  acid, 

O.H.<So:&  <^'  «.  SOI). 

«i-Oxybenzoic  acid  is  prepared  by  diazotizing  m-amido- 
benzoic  acid.  It  crystallizes  in  microscopic  plates,  is  readily 
soluble  in  hot  water,  and  sublimes  without  decomposition ; 
FejClfl  does  not  colour  its  aqueous  solution. 

^-Oxybenzoie  acid  forma  monoclinic  prisma  ( +  H^O) ;  ferric 
chloride  gives  no  colouration  with  the  aqueous  solution. 

Aaa  phenolityieldfl  the  methyl  etiior,Anlalcadd,Ci^4(,O.CH,J,Ca^, 
jfrliiRh    can    be  prepared    by  treating  p-oxybeiaiuic  BJi\4  Vx^^  Oife'^^'jS. 
4  potiub  tud  metliyl  iodide,  and  Ha,poaiisutg  IW  a;i\Qe.fti^\  t'Ooat 
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at  first  formed  ;  it  also  reeulte  from  the  Dxidutioii  of  anUoI.  BenutifDl 
rhonibio  priams.  In  conaeiiuonce  of  the  phenolic  hydroxy!  having  been 
etheriiieil,  it  resembles  the  monobasic  and  not  the  phenolic  acids, 
boiling — for  example — without  decomposition  ;  HI  and  HCl  break  it. 
up  into  p-oxybenioic  acid  and  raethyl  iodide  or  chloride.  For  it«' 
tnnefonQfttioQ  into  anisol,  see  p.  382. 


p-Oxy.phstiyl-aoetlc  add,  CJIj(0H),CH,.C05H,  h  contained  in  urins 
and  haa  alao  been  noticed  as  a  prodnct  of  tiie  decay  of  albumen.  Flat- 
shaped  needles.     Ferric  chloride  colours  its  solution  a  dirt;  green. 

Adds  CflHinO,. 


The  iaomeric  Hydro-pararcamftric  acid  (1 : 4)  is  produced 
by  the  decay  of  Tyrosine  (/S-oxyphenyl-alanine), 
CoHuNOg,  =  CaH^(OH)— CH^— CH(NHg)— C02H(1:4). 
Tyrosine,  which  crystallizes  in  iine  silky  needles,  is  found  in 
old  cheese  (rvpis),  in  the  pancreatic  gland,  in  diseased  li" 
in  molasses,  etc.,  and  results  from  albumen,  horn,  etc.,  eith^^ 
upon  boiling  these  with  sulphuric  acid  or  from  their  pancreatiq 
digestion  or  their  decay. 

It  has  been  obtained  synthetically,  (B.  1»,  164S  ;  A.  ais,  179),. 

It  gives  a  violet  colouration  with  Fe<,Clg  after  being  sulphurated  and 
jotraliied.      Its  hydrochloride,  CbHuNOj.HOI,   cryataUizes  in  lurg* 


plates. 


4.  AIcohol-acidB  and  Ketone-acids. 


The  monobasic  aromatic  alcohol-acids,  which  possess  at  ona: 
and  the  same  time  the  characters  of  acids  and  of  true  alcohtd* 
(p.  403),  contain  the  alcoliolic  hydroxyl  in  the  side  chain  ;  thiH 

bydroxyl  is  conseqiienUy  e\mva8.\flA  ^a^o^^t  -sith  the  si*' 

chain  ivhea  the  compound  Va  osii\i«i- 
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In  behaviour  they  approximate  vLTy  nearly  to  the  alcohol- 
Acids  of  the  fatty  series,  aa  the  pheiiykted  derivatives  of  which 
they  thus  appear;  at  the  same  time  they  yield,  ag  phenyl 
derivatives,  nitro-compounda,  etc.  (although  those  compounds 
can  often  not  be  prepared  directly,  on  account  of  the  ready 
oxidizability  of  the  alcohol-acids).  They  differ  from  the 
phenolic  acids  in  being  more  soluble  in  water,  less  stable, 
and  non-volatila ;  as  alcohols  many  of  them  give  up  H^O  and 
yield  unsaturated  acids  (which  the  phenohc  acids  can  never  do), 
and  thay  can  be  etherified  by  HBr,  etc.  with  the  formation  of 
haloid- substitution  acids,  etc.  Further,  they  are  purely  mono- 
basic acids, 

Tbe  alcobol-acids  ma;  be  either  prioiairy,  secoorlary  or  tertiaj-y  (sea 
p,  209).  The  tertiary  can  aometitnea  be  propared  directly  by  the 
oxidation  of  sush  iLcids  CuHsu-bO,  ae  contain  el  tertiary  hydrogen  atom 
(=CH),  by  meana  of  KMnOj. 

To  the  ketonic  acids  the  uorreapouding  reactions  apply.  Aa  lietonea 
they  are  reducible  to  alcohols,  the  above  (aecondary)  olcohol-acida,  and 
they  further  react  with  hydroxylamine,  etc.  ;  as  acida  they  likewiae 
form  componod  etbera,  etc. 

Polybaaic  alcohol-acids,  etc.  are  of  course  also  theoretically  possible; 
likewisB  phenolic  alcohol-acids  (which  are  at  the  aanie  time  phenol 
and  alcohQl-acid),  and  ao  on.     Some  of  these  are  known. 


1.  Mandelic  &Gii,  phenyl-fflycollk  add,  CgH6-CH(0H)-C0gF, 
(1835),  residts  upon  heating  amygdalin  with  hydrochloric 
acid,  and  synthetically  upon  saponifying  ben zaldehy de-cyan- 
hydrin,  CbHp.CH(OH).CN,  (see  pp.  3^8  and  133).  Glancing 
crystals,  rather  easily  soluble  in  water;  M.  Pt.  133°. 

Mandelic  acid  e;riata  in  several  optically  different  modifications,  viz., 
dextni-,  Icevo-,  and  inactive  or  para-mandelic  acid,  (cf.  B,  IS,  1665 
■ud  2721).  It  is  comparable  with  lactic  acid,  CHj— CH  (OH)— COjH, 
yieldiiig,  like  the  latter,  formic  acid  (together  with  benzoic)  upon 
oxidation ;  hydriodic  acid  reduces  it  to  phenyl-acetic  acid,  just  aa 
it  does  lactio  acid  Co  propionic. 

Hydrliidlc  add,  CjHjINHj)— CH(OH)— COjH,  whose  lactame  ia 
dioxiii^lole  (p,  431),  ia  an  o-amido-tnandellc  acid. 

2,  a-Oxyo'ethyl-bemmio    add,     CoH^-C?,^'';^  ,  -wVitV  "ia 
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with  maDc^clic  iLcid,  is  unstable  in  the  free  state ;  as  an  ortho-com- 

b  readily  goes  into  its  iutra-molecular  anhydride  PhthalU^ 

C,H<<^=>0.     The  latter  ia  a.   S-lactona  {see  p.   318),  and  reanlta 

1  the  reduction  of  phthalic  acid  or  its  chloride.     It  oiyBtallizea  in 

ir  plates  and  can  he  snbliined  unaltered. 

3.  Tropic  add,  Ci,H,„Oj,  =  C,H,—CH<^^^^  (needles  or  plates), 
Is  ohtained  together  with  tropine  by  boiling  atropine  with  baryta  water; 
it  is  reconverted  into  atropine  when  warmed  with  tropiDa  and  hydrochlorie 
acid.  It  is  an  a -phenyl-fJ-oxy propionic  acid.  The  a-compound  of  the 
phenyl-a-propionicacidaiaAtro-laotliiicacW,CH3-CH(OH)[C(flj)-COjH 
(which  caD  be  prepared  from  atropic  acid),  and  the  ^-acid  is  Phenyl- 
lactic  add,  C,H,— CHj— CH(OH)— COjH ;  the  latter  stands  in  the 
same  relation  to  cinnamic  acid  as  lactic  acid  docs  to  acrylic. 

4.  Benzoyl-formic  &eid,phmyl-glyoxylic  add,  CeHg-CO-COjH, 
is  obtained  synthetically  by  saponifying  benzoyl  cyanide, 
CflHj.CO.CN,  with  cold  fuming  HCl  {Claisen,  1877),  and  also 
by  the  cautious  oxidation  of  mandelic  acid.  It  is  an  oi]  which 
only  Holidifiea  slowly,  and  which  breaks  up  in  great  part  into 
CO  and  CgHg.COjH  when  distilled.  It  reacts  similarly  to 
iaatin  with  benzene  containing  thiopheue  and  sulphuric  acid, 
and  shows  the  normal  reactions  of  the  ketonic  acids  with 
NaHSO,,  HON,  NH^-OH,  etc. 

o-Kltro-Uenzoyl-formlc  add,  CtHJNOa)— CO— COjH,  which  can  he 
prepared  from  o-nltro-bcnzoyl  cyanide,  yields  o-Amlda-benaoyl-fonnlo 
BcM,  ieatic  add,  CjHj-^Viq^jjq  j,  (a  white  powder)  upon  redaction ; 
when  a  solution  of  the  latter  is  warmed,  it  goei  into  its  intramnleaular  ' 
anhydride  (lactime),  iaatin,  CjH4<V(q_^  (OHl  ^''^'  P'  *^^)- 

5.  Benzoyl-aoetlc  aclil,  OsHj— CO— CH,— COjH  {Baeyer),  is  a  perfect 
analogue  of  aceto-acetic  acid  and,  like  the  latter,  can  be  used  for  the 
most  various  syntheses.  It  is  obtained  as  ethyl  ether  (which  is  soluble 
in  a  cold  salntian  of  soda),  by  dissolving  phenyl-propiolio  ethyl  ether 
in  concentrated  sulphuric  acid  and  pouring  the  solution  into  water, 
(R  IS,  212S) ;  or,  better,  by  the  action  of  sodium  ethylate  npon  t, 
mixture  of  ethyl  benzoate  and  acetate  (B.  30,  651).  It  is  crystallino 
and  melts  at  85-90°  ;  the  aqueous  solution  is  coloured  a  beautiful  violet 
by  FcjCV  It  readily  gives  up  CO.j  and  goes  into  aoeto-phenono, 
CjH, -CO— CH,. 
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5.  Tri-  and  polyatomic  monobasic  PVienolic  Acids. 

DiMij-henxoic  adds,  CgB ^{OH).fiOs}i. 

1.  Protocatechuic  acid,  (CO,H:OH:0H  =  1:3:4),  is 
obtained  by  fusing  various  resins  sucli  as  catecliu,  benzoin 
and  tino,  with  alkali.  It  may  be  prepared  synthetically  e.g. 
(together  with  the  acid  1:2:3)  by  heating  pyrocatechin, 
CgH4(0H}j,  with  carbonate  of  ammonia.  It  crystallizes  in 
glancing  needles  or  plates  and  is  readily  soluble  in  water; 
the  solution  is  coloured  green  by  ferric  chloride,  then^after 
the  addition  of  a  very  little  Na^COj — blue,  and  finally  rod. 
Like  pyrocatechin  it  possesses  reducing  properties.  Its  mono- 
methyl  ether  is  : 

VaniUlC  adli,  CsHj(COjH)(O.CHa)(OH),  which  reaulta  from  the 
oxidation  of  vanillin  (p.  40!) ;  its  dimethyl  etlier  ia  the  Veratrto  aold  of 
■abadills  seed  (Veratrum  Sabudilla) ;  and  its  methylene  ether  is  Flpei- 
onyllc  add,  which  can  be  prepared,  among  other  methods,  by  the  oxida- 
tion of  piperic  acid  (p.  427). 

MydToqniJWTK'Carboicylic  acidn. 

The  carbnxylic  acids  of  bydroquiuoue,  which  are  convertible  into 
carboxylic  acids  of  qninane,  are  dioxy-benzoic  acids  wtdch  contain  both 
hydroxyls  in  the  parapoaition. 

(Jnlnone-Utraiyarocarboxylio  aold,  CeHj.HjIOjKCOjH)  (A.  311, 
30C),  ia  B  hydro-derivative  of  Qnlnona  carboiylic  acid,  CsH3(03).COi,H. 

the  boniologues  of  the  atiove  may  be  mentioned  Orselllnlc 
add,  Ci^jO^  =  CaH,(CH,)(OH)j(CO^),  which  ia  found  in  varioaa 
lichens,  its  erythritic  ether,  erythrin  (p.  203),  alao  occurring  in  these 
(in  Bocella  fuaiformis).     Orselliaic  acid  is  the  type  of  a  series  of  anolog- 

B  acida,  the  so-called  lichen  acids. 

Trioxy-benzoic  acids. 

Oallio  aoid,  CjHaOa,  =  C„H2(OH),(C02H),[C05H:(OH)g  = 
:  3  :  4  ;  6],  occurs  in  nutgalts,  in  tea  and  many  other  plants, 

and  as  glucostde  in  several  tannins.  It  is  prepared  by  boiling 
with  dilute  acids  or  by  allowing  mould  to  form  on  its 

solution,    and   has   also    been    got    syntViel\ta.^-3  V'^   ■vKr,'s<is. 

jeactions.     It  crystallizes   in  fine   ailkj  nedSVaa  l^-V  ^^^i '^ 
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readily  soluble  in  water,  alcohol  and  ether,  and  has  a  faintljF 
acid  and  astringent  taste.  It  gives  up  CO^  and  goes  into 
pyrogallol  when  heated,  reducea  gold  and  silver  salts,  and 
yields  a  bluish-black  precipitate  with  ferric  chloride.  Like 
pyrogallic  acid,  it  is  very  readily  oxidized  in  alkaline  Bolution,' 
with  the  production  of  a  brown  colour. 

Among  its  isomers  is  Fyroeallol-cajbozyUc  add  (1:2:3:4). 

Tannin,  gallolanic  add,  CijHif|Og  + 2H2O,  is  a  colourleBB 
amorphous  glancing  mass,  readily  soluble  in  water  but  only 
slightly  in  alcohol,  and  almost  insoluble  in  ether.  It  forms 
the  chief  constituent  of  nutgalls,  and  is  likewise  present  in 
sumach,  tea,  etc.  It  goes  into  gallic  acid  when  boded  with 
dilute  acids,  being  conversely  obtained  from  the  latter,  e.g.  ' 
means  of  POClj,  with  separation  of  water : 

2C,H„05   =   Ci,Hi,Ob  +  HjO. 

The  aqueous  solution  is  coloured  dark  blue  by  fcrrio 
chloride.  Tannin  has  an  afB.Dity  for  the  animal  skin  and  few 
glue,  and  is  abstracted  from  its  solution  by  these  substances, 
the  skin  being  thus  tanned  or  converted  into  leather. 

Analogous  to  tannin  m  this  latter  respect  are  a  nnmber  of  other 
taunic  a^ids,  viz.  Elno-tmmlc  acid,  Catecliu-taiuilc  acid  (in  Mimom 
cat«cliu),  Horln-tannlc  add  (tu  Moras  tinctoria),  Callbtaniilc  add.  Oak*' 
tannic  acid  (in  o!ik  bark),  Clnchona-taimlc  add  (in  l^inc!lona  bark),  etcj 
the  composition  ol  these  is  for  the  most  part  complicated,  since  the 
larger  number  of  them  are  glucostdes  (p.  512),  t'.e.  ethers  of  tannic  acid 
with  glucoses,  and  oonsequently  break  np  into  gaJlic  acid  and  Ibe  sugic' 
when  boiled  with  dilute  acids.  They  are  charfK^terJzed  by  their  gi«a£. 
aolnbility  in  water,  barsh  astringent  taste,  affinity  for  the  animal  akin, 
fcnd  also  by  the  intense  oolourationa  they  give  with  ferrous  or  ferrii 
salts,  as  well  as  by  the  fact  of  their  Iwing  precipitated  by  a  solution  of 
lead  acetate. 

Telroxy-henzok  adds. 

Qulnlc  acid,  C.HigOg,  wliioh  is  found  in  qninine  1>ark,  cofTee  beam, 
etu.,  is  a  hexaliydro-teti'oxy-beiiKoic  acid,  C8H.Ha.(0H)jC0,H.  ft 
crystal lizes  in  colourlesa  prisms. 


r 
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6.  Unsaturated  monobasic  Phenolic  Acids. 

Ox!/-cmnatMC  adds. 

Oumarlc  .dd»,  C.H,<gH_cH_CO,H. 

o-Cumailc  add  is  preeent  in  melilut  (Melilotus  ofiiiiliialiB),  and  can 
be  prepared  by  diazotiziog  o-amido-ciiiDaniic  ncid,  or  from  salicjilic 
acid  by  the  PcrHti  ["eiiotioD.  It  also  resulta,  as  potaBEiiim  salt,  on  dU- 
■otving  its  intra- molecular  anhydride,  cumarin,  in  concentrated  potash 
BolatioD.  Long  needles,  wbich  decompose  upon  fusion  and  are  readtt; 
aoluble  in  water  and  olcohoL  The  alcoholic  solution  is  yellow  with  a 
green  finorescenoe, 

Comaiin  or  emume  arhydride,  CaH,<^  _i,  ,  is  the 
aromatic  principle  of  woodward  (Asperula  odorata),  and  ia  also 
found  in  the  Tonka  bean  and  other  plants.  It  is  obtained  by 
the  elimination  of  H^O  from  o-cumaric  acid,  e.g.  by  means  of 
acetic  anhydride.  For  its  formation  from  plienol  by  means  of 
malic  acid  etc,  see  p.  409.  Glancing  prisms,  readily  soluble 
in  alcohol,  ether  and  hot  water ;  M.  Pt  67°,  B.  Pt.  290°. 

the  cumaric  acid  aeries,  see  Filliff, 


Dwxy^nnamie  adds. 

To  this  gronp  belong  OalFelc  add, 

CbHjOo  =  CaHj(OH)j— (CH=CH— CO,H} 
(yellow  prisms,  from  cafTetannic  acid),  wbose  niono-metbyl  etber  is 
Femlla  add.  (from  asafwtida) ;  further,  the  isomeric  Umbelllc  mcML  or 
p-oiy-o-cumaric  acid,  which  readily  changes  into  the  anhydride  corre- 
gpooding  to  ciimarin,  viii. ,  Umbelllferone,  C^I1!„(.)„ ;  this  lastnamed 
componnd  ia  present  in  varieties  of  Daphne, 
Related  to  Che  above  is  Piperlc  acid ; 

C,^8(2>CH3y  CH -CH-CH=CH-COaH. 
a  deDompotiUoB  product  ol  piperine  (p.  4SS^,  'W^i.cVi  crjftW^&SHt  vaV«^ 
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Trioxy-cinnamic  adds. 

0  _co 

JEscnletin,  GeH2(OH)2<^Tr_ATT>  ^^^  ^^  isomeride  Daphnetin  are 

dioxy-cumarins,  their  glucosides  (JSscolin  and  Daphnin)  occurring 
respectively  in  the  horse  chestnut  and  in  Daphne  varieties.  Like  the 
dioxy-cinnamic  acids  they  may  also  be  prepared  synthetically,  (B.  17, 
2191). 


B.  Dibasic  Acids. 

The  dibasic  acids  occupy  exactly  the  same  position  in  the 
aromatic  series  as  the  dibasic  acids  GJi^D-JOi  do  in  the  fatty ; 
they  form  two  series  of  each  derivative  (compound  ethers, 
chlorides,  amides,  etc.).  The  two  carboxyl  groups,  which 
according  to  theory  they  contain,  may  either  both  be  in 
the  nucleus  or  in  the  side  chain  or  chains,  or  be  divided 
between  them.  Dibasic  phenolic  acids  can  of  course  occur 
here  also. 


Benzem-dicarhoxylic  acidSt  CgH4(C02H)2. 

1.  Phthalic  acid,  CeH4(C02H)2  (1  :  2),  (Laurent,  1836), 
results  when  any  o-di-derivative  of  benzene,  which  contains 
two  carbon  side  chains,  is  oxidized  by  HNOg  or  KMn04,  ^^^ 
not  CrOg  (of.  p.  326) ;  it  is  formed  in  especial  by  the  oxidation 
of  naphthalene  by  nitric  acid,  and  also  of  anthracene  derivar 
tives.  In  preparing  it  on  the  large  scale  the  naphthalene  is 
first  converted  into  its  tetra-chlor-addition  product,  CioHgCl4, 
and  this  then  oxidized.  It  crystallizes  in  short  prisms  or 
plates,  M.  Pt.  184°,  readily  soluble  in  water,  alcohol  and  ether. 
When  heated  above  its  melting  point,  it  goes  into  the  anhy- 
dride (see  below).  It  loses  one  mol.  COg  when  heated  with  a 
little  lime,  and  two  mols.  when  heated  with  excess,  yielding 
benzoic  acid  or  benzene.  Chromic  acid  disintegrates  it  com- 
pletely,  while  sodium  amalgam  converts  it  into  hydro-phthalic 

acid,    C,H^,R2.{G0^YL\    lis  \i^xmm  %^\^,  <^^^^<<:JO,,)^Ba,  is 

difficultly  soluble  in  water. 
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Phthalic  anhydride,  (-'^TIj^^pQ^O,  crjBtulliKes  in  magni- 
ficent long  prisms  which  can  be  suljltmed  ;  M.  Pt.  128°,  B.  Pt. 
284°,      It   is   usL'd    in  the   preparation    of    eosin   dyes   (see 


The  chloride,  Fhthalyl  chloride,  which  results  from  the 
action  of  PCI5  upon  the  acid,  appears  strangely  enough  not  to 
have  the  constitution  CflH,(COCI)a  but  that  of  G^B.^<^9!^^yO, 
as  it  yields,  for  instance,  phthalo-phenone,  CaH^<^(9f?s)a^o, 

with  benzene  and  Al^Clg.     Sodium  amalgam  transforms  it  into 
phthalide. 

2.  Isophthalic  acid  (1  : 3)  crystallises  in  fine  long  needles 
from  hot  water,  in  which  it  is  only  sparingly  soluble  ;  it 
Bubliraes  without  forming  an  anhydride,  and  is  reduced  by 
nascent  hydrogen  to  tetrahydro-iaophthalic  acid.  The  barium 
Bait  is  readily  soluble  in  water. 

3.  Terephthalic  acid  {1:4}  results  from  the  oxidation  of 
/>-X3'lene,  cyniene  etc.,  and  especially  of  oil  of  turpentine  or 
oil  of  cumin.  It  forms  a  powder  almost  insoluble  in  alcohol 
and  water,  and  sublimes  unchanged.  Nascent  hydrogen  con- 
verts it  into  tetra-  and  hexahydro-terephthalic  acids.  The 
barium  salt  is  only  sparingly  soluble. 

A  large  number  of  substitution  producta  of  the  phthalic  acids  are 
known,  e-y,  chloro-  and  bramo-pbthalic  acids  (which  are  used  in  the 
coda  IndostiT'},  nitro-,  unido-,  oxj-  and  enlpho-pbthalio  adds,  etc. 


Oxy-pklludic  Adds. 

The  Bin  Oxr-phUiaUo  acWa,  CeHj(OH)(COaH)^  are  of  theoretical 
interest,  (cf.  p.  314). 

Moiy-teraplitliaUo  add,  hydroguinone-p-dicarhoxylic  acid,  C^Efig, 
=  CjHilOHIatCOjH),,  in  which  both  the  hydroxyla  and  the  oarboxyls 
KTG  respectively  in  the  p-positioo  to  one  another,  resnlta  as  cthyi 
etiier  by  the  action  of  bromine  upon  succino .succinic  ether,  or  at 
■odium  ethylate  upon  dibromo-aceto-acetic  et\\eT.    Tbelrbc  ccu^Vit^a^ti 

Jato  hydroquiaone  and  CO,  when  distilled,  tuA  \a  iiO\i-jex\Ka.  ^rs 
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nascent  hydrogen  into  snccma-guccinio  acid,  i.e.  tbe  benzene  nucleus  ia 
"reduced"  to  a  hexa-methylene  derivative.  Succlno-aucclnic  ether, 
whose  eonBtitulioQ  ia  given  on  p.  320,  oryBtallizea  in  triclinic  priania 
whioli  melt  at  126°,  and  dissolve  in  alcohol  to  a  brigiit  blue 
flnoreBcent  liquid  which  is  colonred  cherry-red  by  ferric  chloride. 
It  contains  two  replaceable  H-atoms  (in  the  methine  groups), 
beiug  analogous  to  aceto-acetic  ether.  The  free  acid  changes,  on 
losing  COj,  into  yuinone-tctrahydro-oarboKylic  acid,  formerly  termed 
aucciuo-propionic  acid  (see  p.  425),  and  then  into  qninone-tetrahydride, 
*''^**^H^^^^^  (colouriesB  priama,  M.  Pt.  75°;  A.  ail,  322). 

Succino-succinic  acid  and  many  of  its  derivatives  behave  partly  us 
qninODca  and  partly  as  phenols,  and  are  aometimea  coloured  (yellow 
or  yellow-green),  sometimes  coloarlesa.  Certain  relationa  have  been 
made  out  between  behaviour  and  colour  which  are  of  aervice  in  drawing 
concluaiona  as  to  the  oonatitution  of  the  compounda  ill  question.  The 
phenomenon  of  desmotropiam  (p.  266)  has  been  closely  investigated 
here,  (B.  SO,  2S0I). 

HemlptnlG  aeid  ia  a  dimethyl  ether  of  the  iaomeric  pyrocate- 
chin  o-dicarboxylic  acid,  while  the  half-aldehyde  of  the  latter  ia 
Oplanlc  add,  and  the  correapondtDg  alcohol-acid  ia  Heconlnlc  add 
C^(O.CH3)a(COjH)(CH3.0H) ;  all  these  compounda  are  nearly  related 
to  pyrocatechuic  acid  and  can  be  prepared  from  uaccotine.  For  the 
conatitntion  of  opianio  odd,  of.  also  B.  10,  2275. 


O.  Tri-  to  Hexabasic  Acids. 

Benzejie-iricarhoxijlk  Acids,  CgH3(C0jH)j, 

1.  Trimeaic  acid  (1:3:5).     From  meaitylene. 

2.  Trimellitic  acid  (1:2:4).     From  colnphonium, 

3.  Hemimelliticacid  (I  :2:3]. 

Benzejie-idracarhoxylic  Acids,  G^^{CO^\. 

1.  Pyiomellltic  acid,  2.  Prehnitic  acid,  3.  MeUDphanlc  acid. 
The  above  six  aciila   have  been  prepared  from  mellitic  acid  or  ita 
hydro -derivativBB  by  the  partial  aeparation  of  COj.     They  readily  yield 
(tetra-)  hj'dro-acids  with  sodium  amalgam. 
4.  Hydroquinone-  and  l^^mHn\6-te^JTlUia'[^>Q^"j\^G  ■i™!*.    See  B.   19, 
BIB. 
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Bensene-pentacarboxglic  Aeid,  CgHiCO^Jl)^. 

3  theoretically   pouible  and   □nlj'   one  !■ 

:  Add,  C,{C02H),. 

Hellitic  &cid,  Gj^H^Ojj,  occurs  in  peat  as  aluininiiim  salt  or 
-hoDsy-Btone,  CjjAljOjj,  which  crysfcallizBs  in  octahedra,  and  it 
results  from  the  oxidation  of  ligiiit«  or  graphite  with  KMnO^, 
It  forma  fine  silky  needles  of  great  stability.  It  can  neither  lie 
chlorinated,  nitrated  nor  sulphurated,  but  is  readily  reduced 
by  sodium  amalgam  to  Hydromellitic  acid,  Cj^Hj^Ou,  and 
yields  benzene  when  distilled  witli  lime. 

XXVI.   INDIGO  COR  INDOLE)  GROUP. 

(Cf.  the  arrangement  of  Baeyer'a  reaearches,  which  are  cited  below, 
ill  R.  Mei/er'n  " Tbeerfarbstoffe,"  VifVJey  tmd  Sohn.) 

Indigo,  which  ia  obtained  from  the  indigo  plant  (Indigofera 
tinctoria),  and  from  woad  (Isatis  tinctoria),  has  been  known 
for  thousands  of  years  as  a  valuable  blue  dye,  especially  for 
woollen  fabrics.  In  addition  to  indigo  blue  (indigotin), 
commercial  indigo  contains  indigo-gelatine,  indigo-brown  and 
indigo-red,  all  of  which  can  be  extracted  from  it  by  solvents. 
The  colouring  matter  is  not  present  as  such  in  the  indigo  plant, 
but  aa  the  glucoaide  "  Indican,"  from  which  it  can  be  separated 
either  by  dilute  acids  or  by  the  action  of  the  air  in  presence  of  , 
water. 

It  forms  a  dark  blue  coppery  and  shimmering  powder  or, 
after  sublimation,  copper-red  prisms,  insoluble  in  most  solvents 
(including  the  alkalies  and  dilute  acids),  but  dissolving  to  a 
blue  solution  in  hot  aniline  and  to  a  red  one  in  paralBn,  from 
either  of  which  it  may  be  crystallized.  Its  vapour  is  dark  red. 
The  formula  CigHj^NjOg  is  confirmed  by  the  vapour  density. 
It  is  converted  by  reducing  agents,  avLcK  as  fertww.  wj^-v^V-i**, 
snd  caustic  soda  solution  or  grape  sugar  aaii  &iaA.%,\ft!w>  "VsA^'^gi 


432  XXVI.   INDIGO  GROUP. 

white,  CjgH^gNgOg,  a  white  crystalline  powder  soluble  in 
alcohol  and  ether,  also  in  alkalies  and  in  phenol ;  the  alkaline 
solution  quickly  becomes  oxidized  by  the  oxygen  of  the  air, 
with  the  separation  of  a  blue  film  of  indigo.  It  yields  an 
acetyl  compound  which  crystallizes  in  colourless  needles. 

Warm  concentrated  or  fuming  sulphuric  acid  dissolves 
indigo  to  Indigo-mono-sulphonic  and  di-sulphonic  acids,  the 
former  of  which  (termed  phoenicinHSulphonic  acid)  is  difficultly 
soluble  in  water  but  the  latter  readily  so;  the  sodium  di- 
sulphonate  is  the  indigo  carmine  of  commerce.  Nitric  acid 
oxidizes  indigo  to  isatin,  while  distillation  with  potash  yields 
aniline,  and  heating  with  manganese  dioxide  and  a  solution  of 
potash,  anthranilic  acid. 

Indigo  haff  been  prepared  synthetically  by  Baeyer,  (B.  14, 
1741 ;  15,  775,  2093,  2856;  16,  1704,  2188,  etc.). 

1.  From  isatin  chloride. 

2.  By  warming  o-nitro-phenyl-propiolic  acid  with  (e.g,)  grape 
sugar  in  alkaline  solution  : 

2CeH4(N02)C=C.C02H  +  2H2  =  CieHioNgOg  +  2CO2  +  2H2O. 

3.  From  o-nitro-phenyl-acetylene  (p.  332),  by  converting  it  into 
o-dinitro-diphenyl-diacetylene,  C6H4(N02)C=C— C=C— CgH^CNOa)  (p. 
459),  treating  the  latter  with  H3SO4,  and  finally  reducing. 

4.  By  the  action  of  dilute  alkalies  upon  a  solution  of  o-nitro- 
benzaldehyde  in  acetone : 

2CeH4{N02)CHO  +  2C3H,0  =  G^QR^o^fi^  +  2G^}ifi^  +  2U^O. 

There  is  formed  as  intermediate  product  in  this  reaction  "o-nitro- 
phenyl-lacto-methyl-ketonej^CgH^CNOa)— CH(OH)— CHj— CO— CH3. 
6.  By  the  oxidation,  etc.,  of  indoxylic  acid  and  indoxyl. 

The  constitution  of  indigo  is  very  probably : 

The  following  are  isomerides  of  indigo :  indigo  red  (in  the  indigo  of 
commerce),  indirubin  (also  called  indigo-purpurin),  and  indin ;  the  last 
two  of  these  have  been  prepared  a^xi^i^feXAft^XVj. 
There  have  also  been  prepared  dVci\!\ot-,^iJOT<ya:L-,\ft\x*^ 
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::.  sabBtitutlou  prodncts  of  mdigo,  also  indigo -tarhoxy lie  acid,  (B.  13, 


Derivatives  of  Indigo. 


CbH^O, 

Isatin 

C„H.<^^^(OH) 

CeH,NO, 

Dioxindole 

C.H,<^g0H)>f^0 

CgHjKO 

Oxindole 

lodoxyi 

ChH,N 

Indole 

C«H,<NH>cH 

CeH,(CH3)N 

Skatole 

(aod  ita  iHomers) 

^^^ 

:c! 


1.  Imtin,  CaHj<^QQ5HII(0H),is  easily  prepared  by  oxidizinajvy 
indigo  with  nitric  acid  {Erdmaim  and  Laurent,  1841  j  cf, 
also  B.  17,  976).  It  likewise  reanlta  from  the  oxidation  of 
dioxindole,  of  oxindole  (indirectly),  and  of  indoxyl  (Baeyer) ; 
also  by  boihng  o-nitro-phenyl-propiolic  acid  with  alkalies. 
It  crystallizes  in  reddish -yellow  monoclinic  prisms,  which 
are  only  sparingly  soluble  in  cold  water,  but  more  readily  in 
hot  water  and  in  alcohol  to  a  brownish-red  solution.  Caustic 
potash  dissolves  it  at  first  to  a  violet  solution,  with  the 
formation  of  the  compound  OgHjNO.OK,  but  this  changes 
into  potassium  isatate,  CgH^tNH^) — CO-^COOK,  upon  warm- 
ing (p.  424).  Isatin  is  the  lactinie  of  isatic  acid  (o-amido- 
benzoyl-formic  acid),  (p.  416). 

For  its  ByntlieBis  from  o-nitro-benzoyl-fomiic  acid,  bee  p.  424,  and 
for  its  reaction  with  thiophonc,  p.  398.  Cliloro-,  Bromo-  and  Mltro- 
laatinB  are  also  known,  ^b  a  ketone,  iHEdtm  {iitiwk  wVCa  a.nm\u^v&. 
CtHsNOiNHl",   by  the  exchange  ol  O  loi  ISB.-,  a.i\&.  •««&. 
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hydroxylnmliiB,  lutozlme,  C,^i<^.-^  Qg-,>C.OH  (yellow  needlw), 
which  also  reeulta  from  oiindole  aud  nitroiu  acid.  The  homologooa 
Hethyl-isatin  caa  be  obtained  from  j>-toluidiae  Euid  dichlor- acetic  addi 
B,  tolyl  derivative  of  Hetbyl-imeBatiii  being  formed  here  in  the  first 
iiutanco,  (B.   18,  190],      Chromic  acid  axidizes  teatin  to  Isalolc  add 

(anthranU-oarbonylic  acid),  CbHsNOj,  =  '^6^'<^_cO  H  ''^'  **'  ^^**" 
IsBtin  yields  i.  methyl  ether,  Metliyl-liatia,  CeH^-iC^f^C.O.CK^ 
which  is  prepared  from  isatin -silver  (a  red  powder)  and  methyl  iodide,, 
and  forma  blood-red  crystalB ;  it  dissolves  in  aJkaJi  to  isa  ' 
methyl  alcohol,  i.e.  the  water  abstracted  in  the  formation  of  lactimB  if: 
again  taken  up,  and  the  methyl  ether  ia  BapaniHed.  From  this 
the  above  constitational  formula  of  iaatin  follows, 

An  isomeric  compound,  Uetbyl-pseudo-lsaUn,  is  derived  from 
unknown  isomer  of  isatin,  paeudo-isatin,  C^^<^r•,•,'^^>CO,  the 
of  amido-benzoyl-formio  acid.  This  results  e.g.  by  the  action  of 
sodium  hypobromite  upon  metbyl-indole  and  subsequent  boiling 
with  alcoholic  potash  ;  since  it  dissolves  at  onee  in  alliali  to  Uethyli 
Isatic  add,  C6H,(NH.CH,)— CO— CO^H,  it  has  the  cooetitatiou 
C^(<'*'c^='>CO,  (B.  17,  559). 

toatin  ohlDrtile,  C,H,<'^J'>C.C1  (from  isatin  and  PC!,),  crystaHisai' 
in  brown  needles  which  ace  soluble  in  alcohol  aod  ether  with 
colour.  It  goes  into  indigo  when  treated  with  hydriodic  acid,  or  witii 
zinc  dust  and  glacial  acetic  acid  (synthesis  of  indigo,  Baeyer) 

2CsH,N0Cl  +  2Hj  =  CnHioNjO,  +  2HCL 
2.  Bloiliidole,  CaH^<'^*^^^'>CO,  is  the  intra-molecnlar  anhydri*^ 
of  the  unstable  o- amid  o-man  deli  c  acid  (p.  423).  It  ia  obt&ined  Ircali 
the  reduction  of  isatin  (into  which  it  is  again  easily  oxidized)  witfc 
due  dust  and  hydrochloric  acid.  Readily  salable  coloarlesB  prianu, 
M.  Ft.  ISO".  It  possesses  both  basic  and  acid  properties  (two 
being  replaceable),  and  forms  a,  nitroBO-oonipound,  acetyl  derivatin 
(the  acetyl  being  joined  to  the  N),  etc. 


phenyl-acetic   acid,   is   formed    by   the    reduction    i 
phenyl- acetic  acid  (,p.  416^ ',  a.\'oO  ^7  that  of  dioxindole  v 
tin    and     hydrochloric    afivA.      Ci«\'i\s-A'i;^   -oiataRa, 
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.ozidizable  to  dioaoadole,  and  therefore  of  faintly  reducing 
'fltaracter,  Oxindole  is  at  tho  same  time  an  acid  and  a 
Imse,  dissolving  both  in  alkalies  and  in  hydrochloric  acid. 
Baryta  water  at  a  somewhat  high  temperature  tranaforms  it 
into  o-amido-phenyl-acetate  of  barium.  The  imido-hydrogon 
ia  exchangeable  for  ethyl,  acety!,  the  nitroao-group,  etc. 

i.  Isomeric  with  oxindole  is  : 

Indozyl,  CgH4<^p.QTi,^CH,  which  is  obtained  by  the 
separation  of  CO^  from  indoxylic  acid,  and  which  ia  often 
present  in  the  urine  of  the  carnivora  as  potassium  indoxyl- 
Bulphate  or  urine-indican,  CgHgN.0.(S03K).  It  is  a  thick 
liquid,  moderately  soluble  in  water  with  yellow  fluorescence, 
and  not  volatile  with  steam. 

It  diasolvefl  in  concentrated  hydrochloric  acid  to  a  red  solution.  It 
is  very  nestable,  iguickl;  becomiag  resinous,  and  readily  ctmngiug  into 
indigo  when  its  ammoniiical  solntion  ia  exposed  to  tho  air,  or  when 
ferric  chloride  is  added  to  its  solution  in  hydrochloric  acid. 

It  yields  a  mtroBO-oomptniiid,  CbH,<^'^'^CH,  of  the  same 
character  as  the  nitrosamincs,  and  thcroForc  it  cODtains  an  imido- 
group  ;  further,  its  relation  to  indoxyl-sulphurio  noid  shows  that  it 
contains  an  alcoholic  hydroxy],  from  which  its  constitution  follows. 

PotaBsium  isdoiyl-sulpliate  ia  prepared  synthetically  by  warmiug 
indoxyl  with  potassium  pyroeulphate  ;  it  crystallizes  in  glauuing  plates 
and  breaks  up  again  backwards  when  warmed  with  acida. 

Ethyl-indoxyl  results  from  indoxyl  by  the  exchange  of  the  liydroiylic 
hydrogen  for  CjHj.  Derivatives  of  the  hypothetical  PsBuao-lndoxyl, 
CjH^<^PQ^GHj,  are  also  known,  some  of  them  being  convertible  into 
Indigo  derivatives  {e.g.  di ethyl-indigo). 

Didox^io  acid,  CaHi<(.^g^C- COjH,  the  carboiylio  acid  of 
indoxyl,  forma  white  crystals,  is  oonvortcd  into  indigo  by  ferric  chloride, 
and  breaks  up  into  indoxyl  and  CO^  when  fused.  It  is  obtained  from 
ito  ether  : 

Ethyl  Indoiylate,  by  fusing  with  soda.  The  latter  compound,  which 
cryatallizcs  in  thick  prisms,  M.  Pt.  120°,  also  reaults^aniocg  other 
methoila — from  the  reduction  of  ethyl-o-nitro-phenyl-propiolate  with 
aminomam  snlphide. 

The  mother  substiuice  of  the  whole  iuAVgo  gtoay  w '. 
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5.  Indole,  CeH,<J^^>CH  (Baeyer,   1868),  which 

tained  by  distilling  oxindole  with  zinc  dust ;  by  heating 
o-nitro-cinnamic  acid  with  potash  and  iron  filings  j  by  the 
action  of  aodium  alcoholate  upon  o-amido-chloro-styrene  (irom 
o-nitro-cinnamio  acid  +C10H-C0g)  (B.  17,  1067): 

C,H,<^g^f.g(,l  +  NaO.CjH,   =   CjHj<^^>CH  +  NaC]  +  CiHsOH  ; 

by  the  pancreatic  fermentation  of  albumen;  together  with 
skatole  by  fusing  albumen  with  potash;  and  by  passing  the 
vapours  of  various  anilines,  e.g.  diethyl-o-toluidine,  through 
red-hot  tubes,  etc.  It  crystallizes  in  glancing  plates,  M.  Pt. 
62°,  volatilizes  readily  with  steam,  and  has  a  peculiar  fiecal- 
like  odour.  It  is  weakly  basic,  colours  a  pine  shaving  which 
has  been  moistened  with  HCl  cherry-red,  gives  a  red  precipi- 
tate of  nitroso-indole  with  N^Oj  (a  delicate  reaction),  and 
yields  acetyl-indole  when  acetylated.  These  last  reactionl 
show  that  indole  contains  an  imido-group. 

Indole  ma;  be  looked  upon  as  pyrrol  wbioh  h&B  two  C-Oitom* 
oommon  with  a  benzene  nuclous,  na  in  tbe  case  of  nsiphtlialeue  : 
NH     CH 

(a)         CB/\9'VCH  jjg 

(^)    ChU Jl    JcH'    °   C,H4<^2>CH. 

CH 

A  large  number  of  derivatives  spring  from  indole  by  the  replaceme 
ellber  of  the  imido -hydrogen,  or  of  the  hydrogen  atoms  marked  (a)  aat 
(|3),  or  of  those  of  the  benzene  nacleuB.  These  result  synthatically  t,g. 
by  the  condensation  of  the  aromatic  primary  or  aecondary  hydrai' 
either  with  pyioraeemic  acid  or  with  certain  ketones  or  aldehydeB, 
treatment  of  the  resulting  hydcaiades  with  dilute  HCl  or  ZnCl,  (4 
Fiacher,  B.  17,  559;  1ft,  1663);  thus  acetone-pbenyl-hydrazine,  for' 
instauco,  yields  o-methyl-ketole,  CgHj^^g^— CHj.  propyl  aldehyde- 
phenyl- hydrazine  yields  skatole,  aud  so  on. 

Btatole,  p-mtihijl-indok,  GsSt<^f,,Qj^  ^CH,  is  found  in  fscea,  and 
is  produced  together  with  indole  e.g.  by  the  decay  of  albumen 
fusing   it   with   patlBh.      Colourlcsa    plates  of  a   strong  fteoal   odf 
M.   Pt.  95°-     Witrous  acid  loea  «eA.  •;Q\i>m  "A  t«A.    It  takes  up 
stoma  of  hydrogen  to  lorm  ahgATO-cottvyiaaii. 
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Krth^-ladolB,  CeH4<^J?g3^CH,  reauItB  from  phenyl-methyl- 
hydmziae  (p.  372)  and  pyroracemie  ftcid,  at  firat  in  the  form  of  tlie 
earboiylic  Bcid.     It  ia  an  oil,  B.  Pt.  239°. 

Just  as  furfurftiie  and  thiopbene  tire  related  to  pyrrol,  so  there  iire 
oompounda  analogoua  to  indole  which  contain  oxygon  or  sulphur  in 
place  of  the  imido-group.  We  know,  for  eianiple,  a  bydroxyl-deriva- 
tivE  of  TMo-naphthena,  C8Hj<V.g^CH  [a  compound  as  yet  but  little 
known,  (B.  18,  1432,  1667)],  viz.  Oxy-tWo-naphthene  {B.  ift,  1617), 
which  resembles  a- oxy -naphthalene  (a-napbthnl)  in  the  same  degree  aa 
thiopbene  does  benzene.  Cf.  pp.  297  «t  eeq.  ;  also  B.  IB,  1290,  I.WO, 
Se27. 


The  compounds  of  the  aromatic  seriea  whkh  have  been 
treated  of  up  to  now  are  derived,  with  the  exception  of  indigo, 
from  one  molecule  of  benzene,  i.e.  they  contain  one  benzene 
nucleuB.  There  are  however  a  vast  number  of  compounds 
known  which  contain  two  or  more  benzene  nuclei. 

1.  When  two  phenyl  gronpa  are  joined  together  directly, 
there  results  Di-phenyl,  CeHj— CflH^  (Group  XXVII.}. 

2.  When  a  methylene  group,  i.e.  a  carbon  atom,  conoecta  two 
phenyl  groups,  we  obtain  Diphenyl-methane,CgHg — QH^ — CgHj 
(Group  XXVIII.). 

3.  Should  three  benzene  residues  be  joined  in  a  similar 
manner  to  methine,  Tripbenyl-methane,  CH(CgHf|)3,  is  formed 
(Group  XXIX.). 

4.  Benzene  nuclei  may  likewise  be  connected  through  two 
ormore  carbon  atoms,  as  in  Di-benzyl,  OgHg— CHj— CHj— CdH^ 
(Group  XXX.). 

6.  Lastly,  the  benzene  nuclei  may  be  so  grouped  together 
that  two  carbon  atoms  are  common  to  two  of  them,  as  in  anthra- 
cene and  naphthalene,  etc.  (Group  XXXI.  etc.). 

From  all  the  hydrocarbons  mentioned  under  the  above  para- 
graphs 1-4,  homologuBs  are  derived ;  all  of  thesB  with  the 
exception  of  diphenyl  {which  possesses  the  liemewft  ?t«sait\J« 
on^}  bare  like   toluene   partly    a  bemenft   a.ii4  "^ai^-^   ^^ 
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methane  character,  and  yield  completely  analogous  derivatives, 
like  the  benzene  hydrocarbons  in  the  narrower  sense  of  the 
term. 
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Sumrmry, 


1.  Diphenyl,  CgHg— C^Hj,  =  C^^^ 


/)-Chloro-diphenyl 
0-,  p-Nitro-diphenyl 

Amido-diphenyl  ,     , 


Diphenylol 


Cyano-diphenyl    .     .     . 
Diphenyl-carboxylic  acid 


CX2H9CI 
CiaHgCNOa) 

CiaH^CNHg) 


Ci^HgCOH) 


CiaHglCO^H) 


p-p-Dichloro-diphenyl 

{a  =  P'p-YDimtvo- 
p  =  o-p-/diphenyl 

{{p-P')  =  Benzidine 
( o-p-)  =  Diphenylii 

Carbazole    •     .    . 


Diphenols    .     .     . 
Diphenylene  oxide 

Dicyano-diphenyl 
Diphenyl-dicarboxylic  acid 


CuHgCNOa), 

Ci2H8(NH2)2 


CeH. 

CiaHgCOH), 
C6H4 


*>NH 


^>0 


Oi2H8(CN)2 

CiaHslCO^H] 


2.  Phenyl-tolyls, 

3.  Ditolyls, 


CgHg — CgH^.  CHg. 

C6H4(CH8)— 08H4(CH3), 
etc. 

4.  Diphenyl-benzene,    C6H4(C6H5)2. 

5.  Triphenyl-benzene,  C6H3(CflH5)3. 

Diphenyl,  CioH^q  {Fittig,  1862).  When  bromo-benzene  in 
ethereal  solution  is  treated  with  sodium,  a  synthesis  of  diphenyl, 
analogous  to  the  Fittig  reaction  (p.  324),  is  effected : 

2C.H,Br  +  Nao   =    aH,— aH,  +  2NaBr. 


e^-'s 


'6-^-^5 


Diphenyl  also  results  when  the  vapour  of  benzene  is  led 

through  a  red-hot  tube,  t\i\^  \>^m^  the  most  convenient  mode 

of  preparing  it.     It  is  contaime^m  <io^\«t.   \jax^  ^s^^nx^^^ 
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plates,  readily  soluble  in  alcohol  anU  etlicr;  M.  Pt.  71°,  B.  Pt. 
254°. 
r  Chromic  acid  axidizea  diphenyl  to  benzoic  acid,  one  of  the  two 

benzene  nuclei  being  destroyed,  tliuB  leaving  only  one  carbon  atom 
joined  to  tbe  other  benzene  residue.  From  this  and  from  its  STnthesia, 
the  conatttutiDnal  formula  of  diphenyl  folIowB  as  CgHj — CgE^, 


(8m  Stiminary ;  also  Schidtx,  A.  a07,  311). 
Like  benzene,    diphenyl  is   the    mother  substance   of  an 
extended  series  of  derivatives. 

Even  tbe  entrance  of  only  one  auhBtftiieiit  produces  isomers,  since 
tlie  latter  may  stand  either  in  the  o-,  m-,  or  ^-pnaition  to  the  point  of 
jnnction  of  the  two  benzene  reflidaea.  Ihe  same  thing  applies  in  atitl 
greater  degree  to  iaoraerio  di-derivativee,  of  which  o-o-,  p-p-,  o-p-  etc. 
compounds  can  exist.  Tbe  constitution  of  these  is  elucidated  either 
from  tbeir  syntheses  or  from  their  products  of  oxidation ;  thus  a  cbloro- 
diphenyl,  Ci^HjCI,  whiclf  yields  p-chloro  benzoic  acid  when  oxidized  by 
ohromio  acid,  is  obviously  ji-chloro-diphcnyl. 

The  Bubstituents  tales  up  the  p-position  for  choice  ;  in  di-derivatives 
&e  p-p-  (and  to  a  lesser  extent  the  o-p-)  position. 

ri'p-diainido  diphenyl,  ftenatifine,  C,oHg(NH2)2,  =  =,^  *'    „^ 

{Zinin,  1845),  results  from  the  reduction  of  di-^-dinitro- 
diphenyl  (the  direct  nitration  product  of  diphenyl);  also, 
together  with  diphenyline,  by  tbe  action  of  acids  upon 
hydrazo-henzene,  the  latter  undergoing  a  molecular  transfor- 
mation : 

C^Hs— NH— NH— CgHj   -   NH^— CflH,— CaH,— NH^ ; 
it  is  consequently  formed  directly  from  azo-benzene  by  treating 
it  with  tin  and  hydrochloric  acid. 

Benzidine  is  a  diatomic  base  which  crystallizes  in  colourless 
silky  plates,  readily  soluble  in  hot  water  and  alcohol  and 
capable  of  sublimation  ;  M.  Pt.  1 22°.  It  is  characterized  by 
the  sparing  solubility  of  its  sulphate,  Cj^H^^(,KH,^'i^SO  ^^^sisA. 
py  van'ooB  colour  reactions.     Like  iVs  UoTi«)Vi^«i  l^\&oi.«i 
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etc.),  it  is  of  special  importance  in  the  colour  industry,  sinc^ 
by  coupling  its  diaKo-eompoiiD<i  (tetrazo-diphenyl  chloride) 
with  napiitho!  and  the  naphthylamine-sulphonic  acids,  etc, 
colours  are  produced  which  dye  unmordanted  cotton  directly, 
the   BO-called  "  suhstantive "  or  cotton   dyes.     To  this  class 

belongs  the  dye  Cong-0,  c,H,~N=N-C,„H,(NH,)(SO,Na)' 
prepared  by  means  of  naphthJonic  acid  (p.  465). 


1  DlpbenyUne,    |  nl         lol   >   leaulta   from   o-n-dmitro- 
CbH^— NH, 

diphenyl,  and  also  aa  a  bye-proiJact  in  the  prepftralJoa  of  bouzidino 
from  azo-benzene.     Needloa,  M.  Ft.  45°.     Its  sulphate  ia  re&dily  Bolnble. 

CaztNUOle,  CijHoN,  "^  ■'  '^KH,  tte  imide  of  dipienyl,  is  con- 
tained in  cool  tar  and  in  crude  anthracBDe.  It  is  f  onued  e.  g.  by  passing 
the  vaponr  of  diphenylamine  or  of  aniline  through  red-hot  tubea,  juat 
08  diphenyl  Is  obtained  from  benzene  : 

(CeH,)jNH  =   (CjHjJjNH 

It  crystallizes  in  colourlesB  plates  sparingly  Bolnble  in  cold  alcoliclt , 
M.  Ft.  238°.  It  distils  unchanged  and  is  characterized  by  its  great, 
capability  of  sublimatioii.  Concentrated  sulphuric  acid  diBBolves  il 
a  yelloiv  solution,  and  it  forms  bji  acetyl-  and  a  nitro-compound,  eto^ 
The  nitrogen  in  it  very  probably  occupies  the  di-ortho.position,  whuA 
would  make  it  a  pyrrol  derivative  (se 

The  Dioiy-dlphenyla,  CijHj(0H)5,  of  which  four  isomeric  modificar- 
tions  are  known,  result  partly  by  diazotizing  benzidine,  partly  by  fusing, 
diphenyl-diaulphonic  acid  with  potash,  and  partly  by  funing  phead 
with  potash  ;  in  the  last  case  hydrogen  is  separated  and  two  benzena 
reaiduea  join  togetlicr. 

Dlplienylan«  oxide,   ■"z;*^©,  ia  obtained  by  distilling  phenol  with' 

oxide  of  lead  ;  it  crystallizes  in  plates  which  distil  without  decompod-- 

Hezoxy-diplienfl,  CigH,(OH)g  (silvery  glancing  plates),  which  dia- 
solvea  in  potash  with  a  boantifol  violet-blue  colour,  is  the  mother  sab- 
Stance  of  CoenUignone  or  Cedrtret,  CuHi^Oj,  a  violet-coloured  compound 
which  is  formed  when  crude  pyroligneous  acid  is  purified  \\ith  chromate 
of  potash,  and  also  from  the  oxidation  of  the  dimcthyl-pyrogollol 
iwech-wood  tar  by  means  e.g.  oi  ^teaaio  ^BiT!ic-3a.-nide',  in  the  latter 
tiereisnotonly  a  joining  bigeitlaw  ol&e'OTitj^JBKiKBfi '" 
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a  aeparation  of  hydrogen,  with  tha  proiluction  of  a.  linking  of  aomcwiiat 
:  same  nature  as  in  superoxides  : 

Coemlignone  crystallizea  in  fine  steel-grey  needlcg  aoluble  in  con- 

Dtrated  snlphuric  aoid  with  a  blue  colour.     Tin  and  bydroclilorio 

acid  convert  it  into  Hydro-coemllgnDiie,  —  tetramethyl-hexoxy-diphenyl, 

which  is  split  up  into  methyl  chloride  and  hejoiy-diphenyl  on  wanning 

vith  concentrated  hydrochloric  acid  {"Liebermann), 

The  carboyylic  acids  of  diphenyl  are  obtained  from  the  correspond- 
ing cyanides,  which  on  their  part  are  prepared  by  diatilling  the 
Bulpbonic  acids  of  diphenyl  with  ECN.  Di-jMUphenyl-dicarlxizylla  acid, 
CuHa(CO^)i,  a  white  powder  insoluble  in  water,  alcohol  and  ether,  is 
ftn  oxidation  prodnct  of  phenanthrene  and  similar  compounds;  DiphenlO 

ftdd,  p'li*  pfi^Ti'  *  di-ortho- compound,  crystallizes  in  needles  or  plates 
■which  are  readily  soluble  in  the  solvents  just  mentioned  ;  M.  Pt.  229°. 
Both  of  these  are  dibasic  acids,  which  yield  diphenyl  when  heated  with 
Boda-limc. 

The  homologues  of  diphenyl  are,  lite  the  latter,  obtained  by 
means  of  the  Fittig  reaction.  Analogous  to  henzldine  is  c-ToIldlne, 
Ci2Hj(CHj)j(NH5)3,  M.  Pt.  128°,  which  is  likewise  used  in  the  manafac^ 
tare  of  cotton  dyes,  e.g.  Aio-blne  and  Benao-purpurln.  It  ia  combined 
in  the  former  with  naphthol-sulphonic,  and  in  the  latter  with  naph- 
tliiaiiic  acid. 

Appendix.  By  the  action  of  aoclinmnpon  a  mixture  of  p-dibromo- 
I  benzene  and  bromo-henzene,  there  is  foimcd  Dlphenyl-lienaeae, 
CjH^ICjHoJj  (flat  prisms,  M.  PL  205°),  which  is  oxidizable  to  diphenyl- 
nonocarboxylic  and  terephthalic  acids. 

When  hydrochloric  acid  gas  is  led  into  acetophanone,  C^j.CO.CHj, 
a  reaction  analogous  to  the  formation  of  mesitylene  from  acetone 
ensues,  and  there  is  produced  Triphenyl-beMene,  C,Hj(CeU,),  (I  :  3 ;  C  ; 
thombic  plates). 
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Summary. 


Diphenyl-methane. 

(CgH5)2=CH-CH8 
Diphenyl-ethane. 

(C«H6)3^H-C02H 
Diphenyl-acetic  acid. 

CgH5-CH2-C6H4-CH3 

Phenyl-tolyl-methanes. 

Cjjxlg— CHg— CgH^— CO2H 

Benzyl-benzoic  acids, 
etc. 

(aH5)ifOH.OH 
BenznydroL 

(CeH8)2=C(OH)-C02H 
Benzylic  acid. 

CeH5-CH(OH)-CeH^-CH3 
Phenyl-tolyl  carbinols. 

CeH6-CH(OH)-CeH^-C02H 
Benzhydril-benzoic  acids. 

(CeH5)2=CO 
Benzophenone. 

CA-CO-CeH^-CH, 
Phenyl-tolyl  ketones. 

CeHj-CO-CeH^-CO^ 
Benzoyl-ben7iOic  acids. 

Fluorene. 

?J*>CH.OH 
Fluorenyl  alcohol. 

Diphenylene  ketone. 

Diphenyl-methane  is  derived  from  methane  by  the  substitu- 
tion of  two  hydrogen  atoms  by  two  phenyl-groups,  just  as 
toluene  is  by  the  substitution  of  one.  It  consequently 
resembles  the  latter  hydrocarbon  in  most  of  its  relations, 
with  this  important  difference  that,  as  it  no  longer  contains 
a  CHg-group,  it  cannot  yield  an  acid  containing  an  equal 
number  of  carbon  atoms  in  the  molecule  upon  oxidation; 
combination  with  oxygen  produces  benzhydrol  and  benzo- 
phenone. As  soon,  however,  as  more  carbon  atoms  are  made 
to  enter  the  molecule,  the  same  conditions  repeat  themselves 
as  in  the  case  of  toluene,  xylene,  etc.,  and  the  most  various 
acids,  alcohol-acids,  ketone-acids,  etc.  can  be  obtained  from 
the  resulting  homologues. 

Formation  of  dip\ieny\-me\\v2Ji^  ^Tv^\fc&  dftrivatives. 

J.  Diphenyl-methane  \a  ^ToA.\xft^^ '^l  "Oc^^  ^OCvsii  ^Wsras^Jy. 
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chloride  upon  benzene,  in  presence  of  zinc  dust  {Zmclce,  A.  169, 
374),  or  of  aluminium  chloride  (^Friedel  and  Crafts) : 

C^Hj,— CH^Cl  +  CuHfl  =  C^Hs— CHj— CflHg  +  HCl. 
Tlio  bomologues  of  benzene,  and  also  the  phenols  and  tertiary  iiDimeB, 
may  be  used  here  instead  of  benzene  itself. 

In  an  exactly  analogans  manner  diphenyl -methane  results  from  the 
sotion  of  metbylene  chloride,  CH^Cl^,  upon  henzeue  iu  preaenoe  of 
chloride  of  alnminium : 

CH,C1,  +  2C,Ha  =  CH^(C,Hi),  +  2HC1. 

2.  Diphenyl-methane  hydrocarbons  are  formed  by  the  action 
of  the  fatty  aldehydes,  e.g.  acetic  or  formic  aldehyde,  upon 
benzene,  etc.  in  the  presence  of  concentrated  sulphuric  acid 
(£cieyer,  B.  6,  221): 

CHa— OHO  +  2CsHg   =   CH3— CH(CuHJ,  +  H,0. 
Dipheiiyl-etbime. 
The  aoetic  and  formic  aldehydes  are  employed  here  in  the  form  of 
pira-aldehyde   and  methylal.      When   aromatic   aldehydes  are  osod, 
tripheDyl-methuiH  derivatives  result  (p.  446]. 

&>.  Aromatic  alcohols  react  with  benzene  and  sulphuric  acid  in  an 
analogoas  manner  (  V.  Meyer) : 

CbH,— CHj.OH  +  C,Hj  =   CjHj— CHj— CjH,  +  H^O. 

Similar  reactions  have  also  been  brought  about  by  means  uf  ketones, 
aldehyde-acida  and  ketone-acids  on  the  one  hand,  and  pheuul  and 
tertiary  anilineB  on  the  other, 

3.  Benzophenone  is  produced  by  the  action  of  benzoic  acid 
Upon  benzene  in  presence  of  PjOj  {Merz,  B.  6,  536) : 

CoH,— CO.OH  +  CflHe  =   CeH^— CO— CgH,  +  H,0. 

4.  Benzophcnone  and  the  analogous  ketones  result  npon 
heating  the  mixed  calcium  salts  of  the  aromatic  acids,  accord- 
ing to  the  general  mode  of  formation  2  of  the  ketones ;  thus 
calcium  benzoate  heated  alone  yields  benzophenone  : 

CgHs-COjca  +  CgH^.CO^ca  =   CaH^.CO.CaH;  -1-  CaCO^. 

Mixed  ketones  (p.  139)  can  be  prepared  in  the  same  way. 

S.  Ketonea  are  likewise  produced  by  tba  aaXion.  tA\i>sM-'i^^- 
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chloride,  CgHjCO.Cl,  etc.  upon  benzene,  etc.  in  presence  ol 
AJjCIa  (Friedel  and  Crafts;  alao  Adm-,  B.  10,  1854) : 

C^R^.GO.Ci  +  C,H,  =  C,H,,C0.CgH5  +  HCJ. 

In  this  case  also,  oa  id  method  3,  phenolB  (or,  better,  phenolic  etben) 
or  tertiary  amines  may  he  employed  in  place  of  the  benzeae  hydro- 
carbom 

5*.  Since  the  acid  chlorides  are  formed  from  the  benzenes  with 
cobalt  chloride  and  £inc  chloride,  those  reagents  may  be  used  directlj 
tor  the  production  of  ketones,  under  suitable  conditiooB. 

The  above  ketones  are,  like  all  others,  converted  into  their 
responding  hydrocarbons  by  distilling  over  zinc  duat,  or  b;  heating 
with  hydriodic  acid  and  phosphorus,  etc.  (ef.  p.  38). 

1.  Diphenyl-methane,  (CgH^jjCHg,  is  most  conveniently 
prepared  from  benzyl  chloride,  benzene  and  Al^Clg. 
cryfitallizes  in  colourlesa  needles  of  very  low  melting  point 
(26"),  is  readily  soluble  in  alcohol  and  ether,  has  a  pleasant 
odour  of  oranges,  and  distils  unaltered;  B.  Pt.  272°. 

It  yields  nitm-,  amido-  and  oxy-detivatives.  By  the  action  of 
bromine,  aided  by  warming,  mphenyl-tiTomo-metbane,  (€gHg)jCHBr,  i* 
obtained,  and  when  this  lattot  is  heated  with  water  to  150°,  it  goes  intoi 

Beozhydrol,  diphenyl-carbinol,  (CgHgl^CH.OH,  which  also  reaulti 
from  benzophenone  and  sodium  amalgam.  It  crystallizes  in  glancing' 
silky  needles,  possesses  in  every  respect  the  character  o!  tt  secondary 
alcohol  (forming  compound  ethers,  amines,  etc.),  and  ie  readily  oxidiz- 
able  into  the  corresponding  ketone. 

Benzophenone,  diphenyl-ketonef  (CgH5)jC0.  This  compound 
is  prepared  by  distilling  benzoate  of  lime  (Peligol,  1834),  and. 
also  results  directly  from  the  oxidation  of  diphenyl-m  ethane; 
with  chromic  acid.  It  is  the  simplest  pure  aromatic  ketone, 
and  possesses  the  ketonic  character  in  its  entirety,  being 
reducible  to  benzhydrol,  yielding  with  PClj  a  dichloride, 
{C5H5)2C=CIj,  and  combining  with  phenyl-hydrazine,  etc 

It  is  characterized  by  being  dimorphous,  crystallising  in  larga 
rhombic  prisms,  M.  Pt.  49"  (stable),  and  also  in  rhumbohedrn,  M, 
Pt.  27°  (nnstable) ;  B.  Pt.  297°.  Fused  potash  decomposes  it  int* 
benzoic  acid  and  benzene,  while  red-hot  zinc  dnst  regenerates  diphenyl- 

Among  its  derivatives  mtvy  te  wientvniiea.'Wi-v-SiMtAAQ-liaiizoplienoni, 
CO(CgHt.NH,)a,   whose  tetra.mBtti^\  ^alm^^■aB^,'^<^aTOo^«o.■9V«lKoiitr 
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CO[C,HjN[CH,),]„  resalta   from  tho  action  of  COCI, 
npon  dimethyl-aniline ; 

COCli  +  2C8H,.N(CHj)j  =  CO[C,HiN(CHjlJj  +  HCl. 

It  IB  nearly  related  to  certain  dyes,  being  uouvurted  into  methyl 
Tiolet  (p.  452)  upon  farther  treatment  with  dimethyl-aciCine,  and  into 
Annunlne  or  its  darivativca  (beautiful  yellow  dyes)  by  ammonia  or 
amine  bases  respectively. 

The  jj-position  of  the  amido-groupa  has  been  proved. 

p-Sloxy-lMiuopIieiione,  [C8H,(0H}j]C0,  rsBnlta  among  other  methods 
from  tlie  decomposition  of  complicated  benzene  dyes,  auch  as  roaaniline 
and  Hurin,  by  heating  these  with  water  or  with  iilkalies.  It  can  be 
prepared  Bynthetically  from  aniaaldehyde  (B.  14,  328),  and  therefore 
DontaiuB  the  hydroxyla  in  the  p-poaitlon. 
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2.  DiphBuyl-BthanB,  (CjHsJjCH— CH,  (unsym metrical,  see  p,  457), 
ig  obtained  from  benzene  and  para-aldehyds  aa  given  on  p.  443.  It  is  a 
liquid  which  boils  without  decomposition  and  which  is  oxidized  to 
benzophenone  by  chromic  acid.     From  it  is  derived : 

Benaillc  aoia,  dipUnyl-giycoiUc  acid,  (C5Hi)a=C(0H)— CO^,  which 
reanlta  by  a  molecular  transformation  upon  fusing  benzile  (p.  458)  with 
potash.  It  crystallizea  in  needles  or  prisms,  soluble  in  HgSO^  with  a 
blood-red  colour,  and  is  reduced  by  bydriodio  acid  to  : 

Diphanyl-acetic  add,  (C8Hj)s=CH— COaH  (needles  or  plates),  which 
on  its  part  is  obtained  aynthotically  from  phenyl-broniaoetio  acid, 
CbHj— CHBr — CO^H,  benzene  and  zinc  dust,  according  to  mode  of 
fbrroatiDn  1,  p.  442 ;  this  yielda  proof  of  its  eoDHtitution.  Both  sab- 
■tauGCB  yield  benzophenone  upon  oxidation ;  here,  therefore,  as  in  the 
nmpler  cases,  all  the  carbon  is  separated  which  ia  not  directly  linked 
to  the  benzene  nuclei, 

3.  Phanyl-tolyl-methaneB,  CaHj— CHj— CoHj— OHj.  The  p-  ajid  o- 
Compounda  arc  obtained  from  benzyl  chloride  and  toluene,  aa  given  at 
p.  443,  They  yield  on  oxidation  the  correaponding  Phenyl-tolyl- 
ketones,  C,Hb— CO— CaH,— CH,,  and  finally  the  BenBoyl-bsnsolc  adds, 
CjHj— CO— C,Hi— COjH  (B.  •,  907).  Of  these,  the  e-acid,  for 
example  (M.  Ft.  127°),  has  also  been  prepared  synthetically  by  heating 
phthalic  anhydride  with  benzene  and  AL,CI,,  They  are  reducible  to 
benzhydril-benzoio  acida  [or  anhydrides)  and  benzyl-benzoic  acida 
teapectively.  When  tho  o-acid  is  heated  with  P^O^  to  180°,  it  yields 
■nthraquinone,  various  tranatormationB  into  ttie  anftttwasae  weiS,^ 
"  .ring  been  efleoWd  from  o-phenyl-tolyl-methaiie  an4  -VeVraoa. 
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4.  Ditolyl-methane,  (CH,.C6H4)2CHy 

C  H 

5.  Fluorene,  diphenyleTie-methane,   •*   ^^CHj,  stands  in  the    same 

relation  to  diphenyl- methane  as  carbazole  (p.  440)  does  to  diphenyl- 
amine;  it  is  at  the  same  time  a  diphenyl  and  a'methane  derivative.  It 
is  contained  in  coal  tar  and  crystallizes  in  colourless  plates  with  a  violet 
fluorescence;  M.  Pt.  113°,  B.  Pt.  295°.  The  corresponding  ketone, 
Diplienylene  ketone,  Ci2H8=CO  (yellow  prisms,  M.  Pt.  84°),  is  obtained 
e.g,  by  heating  phenanthrene  quinone  with  lime,  and  is  converted  into 
fluorenyl  alcohol  by  nascent  hydrogen  and  into  diphenyl-carboxylic 
acid,  CjHg— CgH^ — COjH,  by  fusion  with  potash. 
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Triphenyl-methane,  CH(CgH5)g,  results  from  the  entrance  of 
three  phenyl  groups  into  the  methane  molecule;  among  its 

homologues  are  e.'g,  Diphenyl-tolyl-methane,  CH-^^^  |t  ^/?tt  , 

Phenyl-ditolyl-methane,  CH^)p<^tt5^ptt  v  ,  etc. 

These  hydrocarbons  are  of  especial  interest  as  being  the 
mother  substances  of  an  extensive  series  of  dyes. 

Their  formation  is  effected  in  a  manner  analogous  to  that  of 
the  diphenyl-me thane  derivatives,  i.e.  by  the  aid  of  zinc  dust 
or  aluminium  chloride  when  chlorine  compounds  are  used,  or 
by  the  aid  of  phosphoric  anhydride  when  oxygen  compounds 
are  employed. 

Thus,  triphenyl-methane  results : 

1.  From  benzal  chloride  and  benzene : 

C6H5.CHCI2  +  2C6H6  =  CH(C6H5)3  +  3HC1; 
I*,  from  benzaldehyde,  benzene  and  zinc  chloride  (see  p.  339) ; 

2.  from  chloroform  and  benzene  by  means  of  AlgCl^ : 

SCoHg  +  CHCI3  =   CHCCgHJg  +  3HC1; 

3.  from  benzbydrol  and  benzene  : 

(C6H5).,=CH.OH  +  CeHe  =  (C6H5)2=CH.(C6H5)  +  H^O. 

TliG  Jeuco-base  of  bitteT-a\moxi^-Q\\.  ^^^w  (^^,  ^.  448)  results 
from  benzaldehyde  anA  d\me\X\>fVmv\\\\vi. 
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B7  nsing  otber  Bmiae  bases  and  aleo  pbenole,  a  Heries  of  allied  con 
pounde  (which  are  oftsn  dyes)  is  obtained,  the  sepavation  nf  water  beii 
facilitated  by  the  addition  of  xJac  chloride,  concentrated  Bulphnr 
ibydrous  osalio  acid. 


1.  Triphenyl-methane,  C^^E^a-  =  CH{C6H(,)j  (KehiU  and 
FranchiTmnil,  B.  5,  906).  This  compound  may  be  prepared 
from  chloroform  and  benzene  by  the  Friedel-Crafts  reactiou 
(cf.  A.  194,  153),  diphenyl-m ethane  being  produced  at  the 
same  time;  also  by  diazotizing  p-leiicaniline,  CjgHj3(NH2)3,  i.e. 
by  eliminating  the  amido-groups  from  it.  It  crystallizea  in 
beautiful  white  prisma,  insoluble  in  water  and  only  slightly 
soluble  in  cold  alcohol,  but  readily  soluble  in  hot  alcohol, 
ether  and  benzene ;  M.  Pt.  93°,  B.  Pt.  359°. 

It  crystallizes  from  benzene  with  one  molecule  of  "benzene  of 
raystallization, "  which  is  also  the  case  with  many  triphenyl-mothane 
derivSitivea.  When  triphenyl- methane  is  treated  with  bromine  in  a 
•olution  of  carbon  bisiilphide,  the  methane  hydrogen  atom  ia  exchanged 
for  bromine  with  the  formation  of  : 

Triptienyl-methane  bromide,  (CgH()j.Clir,  which,  when  boiled  with 
water,  goes  into  : 

Triphenyl-carhinol,  (C«H5)3C.(OH).  This  crystallizos  in 
glancing  prisms,  M.  Pt.  167°,  and  can  be  sublimed  unchanged; 
it  may  also  be  prepared  directly  by  oxidizing  a  solution  of 
triphenyl-methane  in  glacial  acetic  acid  with  chromic  acid. 

Fuming  nitric  acid  acts  upon  triphenyl-methane  to  form  Trinltro- 
triplenyl-mBtHaEa,    {CjHtNOjjj.CH   (yellow  scales),   which  is   in  its 

rn  converted  into  : 

Trinitro-tripliMirJ-carliliKil,    (C,lf,.N0j)3C(0B),   by   chromic    acid. 

B  latter  gives  para-rosaniline,  (CjHi.NH.jjjC.OH,  when  treated  with 
line  dust  and  glacial  acetic  acid,  and  the  former,  para-lencaniline 
(p.  450). 

Homologous  with  triphenyl-methane  are  the  r 

2.  Dipheiiyl-tolyl-metlianes,    {Q^E^)^=CR—C^U^{CR^). 
Trom  these  also  dyes  are  derived,  especially  from  Diphenyl- 
jw-tolyl-m ethane  (in  which  the  Cllg  occupies  ttvft  ■ttiftW'^%\Xwin. 

■ith  ivfftrd  to  the  methane  carbon  atom),  ■wVuiv  uso.'Xie. '?««'- 
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pared  by  diazotizing  ordinary  leucaniline ;   it  crystallizes  in 
small  priama,  M.  Pt.  59-5°. 


Triphenyl-methane  Dyes. 

Of  the  derivatives  of  triphenyl-methane  and  of  diphenyl- 
tolyl-methane,  those  are  especially  interesting  which  result 
fix)in  them  by  the  entrance  of  amidogen  or  hydroxyl  (or  also 
carboxyl).  The  entrance  of  three  amido-  or  hydroxyl-groupa 
converts  them  into  the  leu  co-compounds  of  dyes,  some  of 
which  latter  are  of  great  value.  Two  amido-groups  suffice  for  j 
the  full  development  of  the  dye  character  only  when  thflj 
amido-hydrogen  atoms  are  replaced  by  alcoholic  radicles. 

We  distinguish  between  the  following  groups ; 

1.  that  of  diamido-triphenyl-methane  (the  bitter-^mond-oit 
green  group) ; 

2.  that     of     triamido-triphenyl-methane     (the     rosanilins 
group); 

3.  that  of  triosy 'triphenyl-methane  (the  aurin  group) ; 

4.  that    of   triphenyl-methane-carboxylic  acid  (the    eoBin 
group). 

Lenco-haBCB  or  Leaco-componnds  of  dyes  are  compound*) 
which  result  from  the  reduction  of  the  dyes  themselves  (i 
most  cases  by  the  addition  of  two  atoms  of  hydrogen) ;  th( 
are  colourless,  hut  are  converted  into  the  dyes  by  oxidation. 

All  the    dyes   of  the    triphenyl-methane  group,   and 
indigo,  methylene  blue,  safranine,  etc.  are  capable  of  yieli 
such  leuco-compounda  (mostly  by  the  action  of  zinc  and  hy( 
chloric  acid,  stannous  chloride,  or  ammonium  sulphide). 

The  O):idatton  of  the  leuca-compaundB  is  often  qaickly  eOeoted  lijfS 
tbe  oxygen  of  the  air  {e.g.  in  the  oases  of  indigo  white  &ud  o' 
methylene  Mue) ;   in  the  triphenyl-methane  gronp  it   ie   slower  ■ 
frequently  more  complicated.      Leuco-bitter- almond- oil  gt 
goes  iuki  the  corresponding  cotonr-base  wbon  treated  with  PbOg  i 
solution,  and  leucaniline  does  the  same  when  warmed  with  cHloruiil  M 
alcoholic  Holntion,  or  wten  its  hydrochloride  is  heated  either  alone  <a 
with  a  concentrated  solation  oi  nwreitic  acii,  OT-«'&Vi»K».\i.vi  hsdro 
mob  as  Fej(OH)j. 
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1,  Diamido-triphenyl- methane  Group- 

Diainido.triplieiiyl- methane,  CjHj — CH(CoHj.NHj)3,  is  preparod  by 
1  of  ziuc  cbloride  or  of  fuming  hydrochloric  acid  upon  a 
■e  of  beoKaldehyde  and  aniline  sulphate  or  chloride  : 
C,H..CHO +2CjH,NH5  =  C,es.CH=(C5H,.NHj),  +  H5O. 
It  crystallLwB  in  glancing  prisms.      The  colourless  salts  yield  an 
nnstable  blue-violet  dye,  Bcnzal  violet,  upon  oxidation.     Methylation 
oonverta  the  base  into  : 

TetTajnefti;l-<U-/i-amidD-tTlplieiLyI-metliaiie,  leueo-malachite  green, 
C,Hj— CH  =  [C,H,.N(CHa)5]i,  which  ie  prepared  on  the  technical  Bcale 
by  heating  benzaldebyde  and  dimothyl-aniline  with  zinc  chloride  or 
anhydrouH  oialio  acid  (p.  399  ;  O.  Fiichev,  A.  aos,  103).  It  forma 
colourless  plates  or  priama.  Aa  a  diatomic  baae  it  yields  colourless 
Baits,  and  is  slnwly  converted  by  the  air,  hut  immediately  by  other 
oxidizing  agents,  such  as  PbOj  +  H^SOj,  into  (the  salts  of) ; 

Tetrametliyl-diuiiido-tripheiiyl-oaTbinol, 

CbH5.C(0H)— [C(H4N(CHJ3]3.  The  free  base  is  obtained  by 
precipitating  the  salts  with  alkali.  It  crystallizes  in  colourleaa 
needles  and  dissolves  in  cold  acid  to  a  colourless  solution ; 
opon  warming,  however,  the  intensive  green  colouration  of 
the  salts  is  produced.  (For  an  explanation  of  this,  see  p. 
451). 

The  double  salt  with  zinc  chloride  or  the  oxalate  of  this 
base  is  the  valuable  dye  Bitter-almond-oil  green,  inalachite 
green  or  Vieloria  green,  which  forms  gi'een  plates,  readDy 
loluble  in  water.  This  can  also  be  prepared  directly  by  heat- 
ing ben  20-tri  chloride  with  dim  ethyl- aniline  and  chloride  of  zinc 
(Deebner). 

Brilliant  green  is  the  corresponding  ethyl  compound. 

If,  instead  of  benzaldehyde,  o-,  «i-  or  /i-nitro-bensaldehyde  is  used, 
nitro-derivatives  of  (leuco-)  malachite  green  are  obtained. 
L         The  analogous  ji-N'ltrD-illamlila-trlplienyl-metluuie, 
I    CH^lNOj)— CH(CbH,.NH,)„  can  be  prepared  from  p-nitro-benaalde- 
I    hyde,  aniline  sulphate  and  sulphoric  acid.     It  goes  into  para-leucaailiue 

■  upon  redaction.     The  reduction  of  the  isomeric  m-  and  o-conipounds 

■  yields  isomers  of  leucanilino  (Peeudo-  and  Ortho-lGucantUnea),  n'hiuli  •f^.iv, 
K    violet  and  broH'ii  dyes  upon  oxidation. 

^U  (BOB)  1.^ 
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2.  Bosaniline  Group. 

Fachsine  was  first  obtained  in  1856  by  NoUanson  [who  noticed  the 
formation  of  a  red  substance,  in  addition  to  that  of  aniline  hydrochloride 
and  ethylene-aniline,  when  ethylene  chloride  was  allowed  to  act  upon 
aniline  at  a  temperature  of  200"*  (A.  98,  297)],  and  shortly  afterwards 
by  ^.  W.  Hofmann  (by  the  action  of  carbon  tetrachloride  upon  aniline), 
and  was  first  prepared  on  the  technical  scale  in  1859.  Hofmann^ a 
scientific  researches  on  this  subject  date  from  1861.  The  chemical 
constitution  was  made  clear  by  Emit  and  Otto  Fischer  in  1878  (A.  194, 
172).     (Cf.  also  Caro  and  Orcebe,  B.  11,  1117.) 

The  rosaniline  dyes  are  derived  partly  from  triphenyl- 
methane  and  partly  from  diphenyl-m-tolyl-methane ;  in  the 
former  case  they  are  often  designated  para-compounds  {e.g, 
"  para-rosaniline,"  because  it  is  prepared  from  aniline  and 
para-toluidine ;  "  para-rosolic  acid  "). 

Para^leucaniline,  CigHigNg,  and  Leucaniline,  CgoHgiNg, 
result  from  the  reduction  of  the  corresponding  trinitro- 
compounds  and  also  of  the  corresponding  dyes,  para-rosaniline 
and  fuchsine ;  the  first  named  likewise  from  the  reduction  of 
;?-nitro-diamido-triphenyl-methane.  ^  The  free  leuco-bases  are 
thrown  down  by  ammonia  from  solutions  of  their  salts  as 
white  or  reddish  flocculent  precipitates,  and  crystallize  in 
colourless  needles  or  plates;  they  melt  at  148"  and  100** 
respectively.  As  triatomic  bases  they  form  colourless  crystal- 
line salts. 

Para-rosaniline,  C^gHigNgO,  and  Rosaniline,  CgoHgiNgO, 
are  the  bases  of  the  fuchsine  dyes.  They  are  obtained  by 
precipitating  solutions  of  their  salts  with  alkalies,  and  crystallize 
from  hot  water  or  alcohol  in  colourless  needles  or  plates.  Both 
are  triatomic  bases,  stronger  than  ammonia. 

They  yield  tri-diazo-compounds  with  nitrous  acid,  compounds  which 
go  into  the  corresponding  phenol  dyes  (aurin  and  rosolic  acid)  when 
boiled  with  water ;  they  are  therefore  primary. 

Constitution,     The  relations  between  the  rosaniliDes  and  triphenyl- 
methane  have  been  made  clear  by  the  transformation  of  leucaniline 
(by  diazotizing  it)  into  diphenyl-tolyl-methane,  and  the  analogous  con- 
version of  para-leucaniVine  \n.\.o  \.TV5\i^\r3\-\svftt.hane  {E,  and  0.  Fischer, 

loc,  cit.). 
Para-leucaniline  is  tliua  triam\do-W\^\ieii^Vm^^5Jtvwv^^VE:^^\^^^ 
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■  triamido-dipheuyl-tolyl-methmne.     The  dye-bssee  belonging  to  them. 

[  1^  the  conreBpoDtling  carbinola,  e.g.  rosanilino  ia  triaiuido-diphenyl- 

I  tolyl-ciarbinol.    Tho  three  amido-groupg  can  be  introduced  synthetically, 

B  giveo  at  p.  448.     They  are  diatributed  equally  among  the  three 

euzeue  nuclei,  as  is  clear  from  the  syntheais  of  pora-leucaniliue  by 

leftda  of  /i-nitro-beuzaldehyde  (p.  449).     Wo  have  therefore  e.g.  the 

I    following  formulae : 

/CaHj.NH,  /C„H..ira, 

CH^gH^.  NH,  C(OH)^aH,.  NH, 

Para-leucaniline.  Koaaniline. 

The  para-poaitioD  of  the  NHj-groups  with  regard  to  the  methane 
I  carbon  atom  ia  proved  as  followa  :  (1)  Para-roaauilittc  yields  p-diaxy- 
benzophanoDB  (p.  445;  B.  11,  1434)  when  heated  with  water,  while 
rosaniline  gives  j)-diamido-methyl-benaophenoao  (B.  19,  1938 ;  19, 
107).  (2)  Diamido-triphenyl-methone  (from  benzatdehyde  and  aniline) 
ia  a  di-p- compound,  because  it  ia  likewise  convertible  into  di-p-oxy- 
beuKophenone  (B.  13,  1466).  Para-leu caniline  (from  p-nitro-benzalde- 
hyde  and  aniline,  B.  IS,  101)  ia  therefore  a  trip- compound. 

The  aalta  of  roaaniiine  and  para-rosaniline,  Fttohalne,  CjoHjiiNjCl, 
loNuUllne  nitrate,  C„H^3(N0,),  RoaaniUne  acetate,  CgoHgoNjICHaO:), 
stc.  are  the  actual  dyee.  While  they  puaeesB  a  magnificent  fuchsine-red 
dolour  in  aolution,  and  have  intense  colouring  power  (dyeing  wool  and 
■ilk  withont  a  moriiant),  their  crystals  are  of  a  brilliant  metallic  green 
with  cantharides  glance,  i.«.  of  nearly  the  complomentaiy  colour.  They 
are  fairly  eolnhle  in  hot  water  and  alcohol. 

In  the  fcnnation  of  the  aalts  water  is  separated,  a  peculiar  nitrogen- 
carbon  linking  being  manifestly  brought  about,  thus  : 

C(0H)(a8H4.NH,),  +  HCI  =  Ct~-Cj|Hj.NH.  +  H.O. 

I  NCaHj-NH,  HCI 

An  analogous  separation  of  water  ia  also  observed  in  the  formation 
of  salts  of  the  malachite  green  base,  but  this  otdy  takes  place  upon 
warming,  aa  ia  proved  by  the  fact  that  it  disaolvee  without  colour  in 
cold  Boida,  and  that  the  intense  colouration  of  the  aalta  firat  becomes 
apparent  after  warming  the  solution. 

In  addition  to  the  above  salts  there  also  exist  acid  ones,  e.g. 
CaiHaiNjCl  -1-  2HCI  (which  yielda  a  yellow-brown  aolution,  not  a 
fuchsine -col cured  one) ;  these  dissociate  into  the  neutral  salts  and  free 
acid  upon  the  addition  of  much  water. 

In  the  manufacture  of  fuchaine  either  a  mixture  of  aniUne 
with  e-  and  ^-toluidine  is  oxidizoil  by  Byirogy  tt.Ta&«vi  *(iv^,  «^ 
A  mixture   of  Biiro- benzene    with    anVVVue    ani  WwaSsa&  ' 


i| 
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heated  with  iron  filings  and  hydrochloric  acid  (Coupler).  For 
the  preparation  of  the  higher  liomologuea,  o-  and  ^-nitro- 
toluenes  may  be  employed  instead  of  nitro-benzene. 

Instead  of  arsemc  acid,  Btajmic  cUoride  or  inercuHa  chloride  or 
nitrate,  etc.  may  he  used  for  the  oxidation.  If  a-tolaidine  is  preaeot 
in  the  mixture  to  be  oxidized,  rosanilinc  is  formed,  and  if  it  ia  absent, 
para-roaanilioo.  When  pure  anilinB  is  oiddiaed  alone,  it  yiolda  no 
fuchaine  at  all,  but  products  of  the  nature  of  indulin.  This  is  ex- 
plained by  the  faot  that  for  the  fomuition  of  fuchsine  a  carlion  atom 
U  required  which  ahall  eerve  to  link  the  benzene  nuclei  together,  a 
Bo-called  "methane-OBrbon" ;  in  the  action  of  carbon  tetrachloride 
□pon  aniline,  this  carbon  originates  from  the  tetrachloride,  and  in  tho 
oiidatioo  of  a  mixture  of  aniline  and  toluidine,  from  the  methyl  groap 
of  the  latter,  as  ia  shown  in  the  following  equation  : 

^..^CH^.NHj  /CaH,.NH. 

HjC  +  C,ej.NHa  -  3Ra     =     C^C.H-.NH, 

+  C,H,.KH;  I  \c,Hj.NH 

When  rosaniline  is  heated  with  hydrochloric  or  hydriodic 
acid  to  200°,  it  is  split  up  into  aniline  and  toluidine;  when 
superheated  with  water,  para-rosaniline  yields  jj-dioxy-benzo- 
phenone,  ammonia  and  phenol.  A  solution  of  fuchaine  is 
decolourized  by  sulphurous  acid,  an  addition  product,  fuchaine- 
snlphurous  acid,  being  formed.  This  solution  i 
reagent  for  aldehydes,  which  colour  it  violet-red  (see  p.  136.jJ 

For  the  homologues  and  isomers  of  rosaniline,  lee  B.  1ft,  14S3. 

Derivatives  of  Rosaniline. 

1.  Methylated  rosanilinee  (ITnfniann,  Lauih). 

The  red  colour  of  para-roaaniline  and  of  rosaniline  is  changed 
into  violet  by  the  entrance  of  methyl  or  ethyl,  the  intensity 
of  the  latter  colour  increasing  with  an  increasing  number  of 
these  groups.  The  salts  of  Eexamethjl-para-rDsaiiiliiie  have 
a  magnificent  bluish-violet  shade.  In  the  manufacture  of 
these  "Methyl-violets"  one  may  either  (1)  methylate  rosaniline 
(by  means  of  CHaCl  or  CH^I) ;  or  (2)  oxidize,  instead  of 
aniiine,  a  methylated  aB\\iB.ii  such  as  dimethyl-aniline  (e.g.  by 
means  of  eupric  aaU-e),  -wVctb^i-j  '^Taf\«s,raS«ns,  Aaxivatives  | 
result;  or,  (3)  allow  pboaMMto^^ga^—^^ -""■ 
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the  Inttcr  to  act  upon  tho  totramethyl-diamido-benzophenone 

at  first  produced)  (cf.  B.  17,  Ref.  339) : 

COC],  +  3C6H5.N(CH3)a  =   C(OH)[CBH,.N(CH3)a]3  +  2HCI. 

In  the  last  case  hexam ethyl- violet,  termed  "  Crystal  violet " 
on  account  of  the  beauty  of  its  crystals,  results,  while  the 
methyl-violets  prepared  by  other  methods  are  mixtures  of 
Bexa-,  penta-  and  tetra-methyl-rosanilines  and  are  amorphous. 

The  hydrochloride  of  tho  hexa.methyl  dye  haa  miuiifeetly  the  con- 
Btitation : 

I^C,H,.N{CH3)^C1 

the  H-atom  of  the  combined  HCI  hreaking  off  with  the  hydtosyl  of  the 
compound  as  water. 

Hesamethyl-carbinol  no  longer  contains  an  ami  do-hydrogen 
atom,  in  consequence  of  which  any  further  methyl  chloride  or 
iodide  cannot  effect  an  exchange  of  hydrogen  for  alkyl  but 
can  only  form  an  addition-compound.  Such  addition  effects  a 
change  of  colour  from  violet  to  green ;  thus  the  compound 
C,bH,j(CH,)5N3CI,  GH,C1  is  the  dye  Methyl  green  or  Liyht 

2.  Phenylated-rosanillnes.  By  the  successive  entrance  of 
phenyl  groups  into  rosaniiine,  there  result  in  the  first  instance 
violet  dyes,  which  change  to  blue  when  throe  phenyl  groups 
haveentered.  Triphenyl-rosaniline  hydrochloride  or  "aniline 
blue  "  is  a  beautiful  blue  dye,  insoluble  in  water  but  soluble 
in  alcohol.  It  is  prepared  by  heating  rosaniline  with  aniline 
in  presence  of  benzoic  acid,  when  ammonia  is  eliminated ;  or 
by  the  oxidation  of  an  aniline  already  phenylated,  i.e.  diphenyl- 
amine,  e.g.  by  means  of  oxalic  acid.  The  latter  supplies  the 
methane  carbon  atom,  and  the  beautiful  "  diphenylamine 
blue "  or  Sprit  blue  which  results  is  a  para-rosanihne 
derivative. 

The  dyes  which  are  insoluble  in  water  are  rendered  soluble 
by  sulphurating  them,  in  which  condition  they  form  the 
Alkali  blue,  Water  blue  and  Light  bine  etc.  of  commerce. 
"Acid  fuchsine,"  Fuchsine  S,  "Acid  violet"  and  "  Acid  green," 
ivhidi  :nv  owployed  technically,  are  aulpb.o-Ba.\t&  otti(i\aV\vA. 
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3.  Trioxy-triphenyl-mBthane,  CHlCoH^.OH)a  (the  Aurio 
group). 

EoBolic  acid  was  fii-at  observed  by  Bunge  in  1834. 
The  oxygenated  analogues  of  para-rosaniline  and  rosanilin* 
are  Anrin,  O^^Hj^Oj,  and  BoBOlic  acid,  CggHjgOg 


C^C,H,.OH  Cf-CeH^.OH 

I  ^C„H,.0  I  \CeH3(CH5).0 

Aurin.  RosdUc  acid. 

These  likewise  possess  the  dye-character,  but,  instead  of. 
being  basic,  they  are  acid  dyes  (pbenol  dyes) ;  they 
less  value  than  the  nitrogenous  dyes  which  have  been  already 
described. 

They  are  formed  when  the  diaao- compounds  of  para-roBaailiDo,  eta 
are  boiled  with  water  {Cam  and  WanUyn,  ISG6)  r 
C(OH)(CsH^-N=N-SO,H)5  +  3H,0  =  C(OH)(C.Hj.0H)a  +  3N,+3HjSO4j 
C(OHKC,Hj,OH)j  =  C(C,H..OH),(C,H(.0)  +  H,0. 

(The  carbinol  which  must  be  produced  here  in  the  first  iiiatiutce 
inoBpable  of  existence,  and  gives  up  H^O. }     The  cooatitutionnl  formnliB^ 
juBt  given  follow  from  this  close  relation  to  the  rosanilines. 

Aurin  ia  also  obtained  on  heating  phenol  with  oxalic  and  Bnlphuriei 
oeids  to  ISO-ISO"  {Kolbe  anA  Schmilt,  18S9),  the  oxalic  acid  fielding  tb». 
methane- carbon ;  rosolio  aoid  results  in  an  analogous  manner  from  wt 
mixture  of  phenol  and  cresol  with  arsenic  and  sulphuric  acide,  Pben<d, 
by  itaelf  yields  no  rosolio  acid  upon  oxidation. 

Anrin  and  roBulic  acid  crystallize  in  beautiful  green  needleH 
prisms  with  a  metallic  glance,  dissolve  in  allialies  with  a  fnchsine-i 
colour,  and  are  thrown  down  again  from  this  solution  by  acids.  Thai 
alkaline  suits  are  decidedly  unstable,  aurin  being  but  a  weak  phen(rft. 
at  the  same  time  it  possesses  a  slightly  basic  character.  An 
salt  is  known,  which  crystallizes  in  dark  red  needles  with  a 
mer.  Upon  reduction  there  are  formed  the  laueo-compounds 
CH(C,Hj.0H)3,  and  Leuco-roaolib  acid,  CH(CaHj.0H),(C,H3[CHa].0H). 
both  of  which  crystalli);e  in  colourless  needles  of  phenolic  oharocter. 
Superheating  with  water  converts  aurin  into  p-dioxy-benzophenone, 
COlCjHj.OHjj,  and  phenol;  superheating  with  ammonia,  into  pars- 
rosaniJiae. 

Httaoall  or  eupiftone,  w\\\c\i\6-?iesen's.  "wv'ufe&c.V.-MQiid  tar,  isahaM. 
iaethojrylated  aurin,  C^i\SiG^^f>^ 
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[  4-  Triphenyl -methane- carboxy lie  acid  (the  Bosin  group). 

(Cf.  Baeyer,  A.  1B3,  1  ;  aoa,  36), 

TrlpUenyl-inBOmne-carboiyUc  acid,  CH(C8Hj)5(CjHj.CO^),  raanlta 
from  the  reductiou  of  pbthalopIieDoiie  {eee  below),  and  yields  tripheayl- 
methane  by  tbe  separation  o!  COj.  It  cryBtalUzea  in  colourlesB  needlei, 
M,  Pt  115°. 

Trtplionyl-oarl3liiol-o-car6oiyUoaDl<!,C(OH)(CsHj)j(C8H,.C05H),  The 
anhydride  of  this  auid,  which  is  termed  Pbtlialoplienane,  ia  obtained  by 
heating  phthalic  chloride  with  benzene  and  AL^Clg  (A.  a03,  60),  nnd 
forms  plates,  M.  Ft.  1 16°.  The  acid  itself  is  incapable  of  existence,  but 
its  salts  are  got  by  dissolving  the  aahydrtije  ia  alkalies.  Phthalophenone 
IB  on  the  one  hand  a  triphenyl-m ethane  derivative  and  aa  the  other 
a  derivative  of  phtbolic  acid,   in  accordance  with  the  constitutional 


it  is  to  be  looked  upon  as  diphenyl-phthollde  (see  phthalide,  p.  424). 

Phthalophenone  is  the  mother  Bubstance  of  a  large  aeriea  of 
dyes,  which  are  derived  from  it  by  the  entrance  either  of 
hydroxyl  or  of  amidogen.  They  are  prepared  by  the  action  of 
phenols  upon  phthalic  anhydride  and  are  termed  Phlhaieins. 
Phenol  and  resorcin,  for  example,  yield  the  compounds  : 

C.H,<C(C.g50H).>o^d  C.H.<<'(c:h:(ShJ>0))0; 

Phenol-phthaletn.  Fiuoresceln. 

in  the  latter  case  a  molecule  of  water  ia  split  off  from  two 
hydroxyls  of  the  two  resorcin  residues.  Plitlialeins  of  this 
bind  (being  oxy-phthalophenones)  are  converted  by  reduction 
into  the  oxy-derivativea  of  triphenyl-carboxylic  acid,  which 
are  termed  "  Phthdline$ ;"  e.g  phenol-phthalein  into  dioxy- 
Itoiphenyl-methane-carboxylic     acid     {i.e.     phenol-phth  aline), 

CH-^k  %T  ^r-nV'  "^^^  phthalines  are  colourless,  and  are  to 
be  looked  upon  as  !euco-com pounds  of  the  phthaleins.  The 
phthalelns  include  among  themselves  many  dyes  which  are  of 
■technical  value,  e.g.  the  eosins  (Caro,  Baei/CT,  ISIIV 
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FheiEol-phthal^ln,  C^Hi^O,,  is  prepared  by  beatiug  phthalic  an- 
hydride with  phtnol  and  Bolphuric  avid  or,  better,  Btaonie  chlorido  (or 
oxalic  acid)  to  115-120°.  It  also  rcHulW  apon  nitrating  diphenyl- 
phthiJide,  reducing  the  two  sabBtituting  nitro-groaps  to  amtdo-oaes, 
and  tr&nBforming  these  into  hydroxy]  by  diazotizing  (A.  ZOa,  6S).  It 
oryatallizea  from  alcohol  to  colourlcas  cnistB ;  in  nater  it  is  nearly 
insoluble,  bat  it  disBolvea  in  alkalies  with  a  beautiful  red  colour  which 
vanielieB  again  dd  the  addition  of  aciiis  ;  it  is  thus  a  valnable  indicator 
(B.  17,  lOlT,  1097).  It  yields  a  Dl-acetyl  derivative  and  is  rednued  by 
potash  and  zinc  dnat  to  : 

PheiiDl-pbtliallne  (colourless  needles),  which  dissolves  in  alkali  to 
a  colourleaa  solution,  but  is  readily  reoxidized  in  tfaia  solution  to 
phthalein. 

Fluorescein  or  resordn^hihalein,  CjqHjjOj  +  HjO,  is  pre- 
pared by  heating  phthalic  anhydride  and  resorcin  to  200°.  It 
forma  a  dark  red  crystalline  powder,  and  dissolveB  in  alcohol 
with  a  yellow-red  colour,  and  in  alkalies  with  a  red  colour  and 
splendid  green  fluorescence.  It  is  rcducihle  to  the  phthalino 
"  Fluorescin,"  and  yields  with  bromine  red  crystals  of  tetra- 
bromo -fluorescein,  whose  potassium  salt,  O^^^ifi^^,  is  the 
magnificent  dye  Bosin.  Fluorescing  dyes  are  likewise  formed 
in  an  analogous  manner  from  all  the  derivatives  of  1 :  3-dioxy^ 
benzene,  in  which  position  5  is  unoccupied. 

Instead  of  phthalic  acid  itself,  chlorinated  or  brominated,  etoi 
phthalic  acids  may  be  employed,  so  that,  by  gradually  increasing  ti«i 
amount  of  halogen  present,  a  wholo  series  of  yellow-red  to  violet-n£^ 
eosins  can  be  prepared,  t.g.  tetrahrom-iodo-eosin ;  these  ore  kuowlf 
under  the  names  of  Erytbrosin,  Boee  de  Bengali,  Phloxln, 
worthy  of  note  hero  that  many  other  dibasic  acids,  i.g.  su 
nialeic,  are  capable  of  yielding  fluorescing  compounds. 

Further,  m- ami  do-phenol  and  m-dimotbyl-amido-phenol  show  ■, 
behaviour  towards  phthalic  anhydride  similar  to  that  of  resorcin.  Hm 
dye  Bbodanln,  Ch,H,|,OJ;N(CHj)j]„  which  is  prepared  from  m-duiieth]d^ 
amido-phenol,  is  derived  from  flaorescein  by  the  exchange  of  both  of  tb« 
two  hydroxyls  for  two  N(CHj)3-graups,  and  is  therefore  not  a  phem^' 
but  a  basic  dye  of  beautiful  shade. 

Qalletji,  Cg^jgO,,  is  obtained  in  an  analogous  manner  from  pyn>>' 
gallol  and  phthalic  anhydride ;  it  dissolves  in  alkalies  with  a  bins 
colour.  Gallein  contains  two  atoms  of  hydrogen  less  than  the  Dora*t 
phthalein  of  pyrogallol ;  as  in  the  case  of  coerulignone,  i 
oxide  "  osygen  atoms  are  aaavrmcAtftte. 

Its  phtbaline,    Qalllil,  C'.jj"B-iiO„  Sa   VtOTialoTOvsi  ^s^ 
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ralphnrici  Boid  into  the  "  phtbaliiliue  "  Coemllii,  C^H^O^  witicb  yielila 
the  "  phthalidera  "  Ooernleln,  CjoHjOo,  a  valuable  olive-green  dye,  apou 
oxidation.  The  mother  Bubstance  of  both  the  Utter  compounds  ia 
phenyl- imthranol  (p.  473).     For  detaila,  oca  A.  a09,  249. 


XXX.  DIBENZYL  GROUP. 

The  modes  of  formation,  etc.  of  the  members  of  Uie  dibenzyl 
group  show  that  the  two  beDzeiie  nuclei  in  them  are  connected 
together  by  two  carbon  atoms ;  all  of  them  arc  transformed 
into  benzoic  acid  upon  oxidation. 


Summary. 

CjH,— CH^CHj— CgHj    CsH)— CH=CH— CjH,     CjH,— C=C— CeHj 

DibenzyL  Stilbeue.  Tolane. 

C(Hj— CHj_-CO-CaH,  CbHb-CH(OH)— CH(OH)-CbH, 

DeBDxy-benzuln.  Hydrobenzoln. 

C„H5-CH(OH)-CO-C8H,  CaHj-CO-CO— CsH, 

Benzoin.  Benzile. 

Dibenzyl  may  be  designated  as  symmetrical  diphenyl-ethauc 
(for  the  unaymmetrica]  compound,  see  p.  445),  stilbene  as 
(^iphenyl-ethylene,  and  tolane  as  diphenyl-acetylene, 


Dlbnujrl,  CjfHjt.  When  benzyl  chloride  (2  mols.)  ia  treated  with 
f  iodium,  the  two  liberated  residueH  C5H5 — CH^ —  (benzyl)  join  togethEr 
t  witb  the  Eorinntion  of  dibenzyl,  a  hydrocarbon  n-hlcb  ia  iaomeric  with 
I  dttolyl  and  with  pbenyl-tolyl-methane.  It  crystalliiiea  in  needles  or 
I  UmUl  platea,  M.  Pt.  52°,  and  sublimes  unchanged. 

Stilbene,  diplienyl-elhylate,  CijHjj,  forms  tnonoclinic  plates  or  prismB, 
d.  Pt.  126°,  which  also  boil  without  deoompoBition.  It  may  be  pre- 
I  pored  e.g.  by  the  ai;tion  of  sodium  upon  benzal  chloride  or  oil  of  bitter 
I  i^onds,  or  by  passing  the  vapour  of  tolnene  or  dibenzyl  over  heated 
I-  oxide  of  lead,  and  possesses  tbe  full  character  of  an  oleline,  giving — 
f  lor  instanoa—  a,  dibromide,  CbH,— CHBr— CHBr— CgHs,  with  bromine, 

I  being  converted  into  dibenzyl  by  hydriodio  acid.  ji-Blamido- 
IstUbBILe,  C,4B,„{NHi)5,  and  its  diBulpViQiiic  acvd  ate,  Wi,*  "wsa-DAxaa, 
lawiier  BabstaDcea  of  "cotton  dyes"  (.see  ip,  \W\.     iiisX.  a»  t'ii&'i'w-'o*. 
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bromide  yields  acetylene  when  boiled  with  alcoholic  potash,  so  does 
stilbene  dibromide  yield : 

Tolane,  Oj^Hjo,  which  crystallizes  in  prisms  or  plates,  M.  Pt.  60°. 
Tolane  corresponds  with  acetylene  in  its  properties  in  so  far  that  it 
combines  with  chlorine  to  a  dichloride  and  a  tetrachloride,  and  so  on, 
but  it  does  not  yield  metallic  compounds  since  it  contains  no  **  acetylene 
hydrogen." 

When  stilbene  dibromide  is  treated  with  silver  acetate  and  the 
resulting  acetic  ether  acted  upon  by  alcoholic  ammonia,  one  obtains 
two  isomeric  substances  of  the  composition : 

C14H14O,,  =  CeH«-CH(0H)-CH(0H)-CeH5, 

Hydrobenzom  and  Iso-hydrobenzoin.  These  likewise  result  from  the 
action  of  sodium  amalgam  upon  oil  of  bitter  almonds.  The  former 
crystallizes  in  rhombic  plates,  M.  Pt.  133°,  and  the  latter  in  four-sided 
prisms,  M.  Pt.  119°,  which  are  the  more  soluble  of  the  two.  Their 
di-acetyl  ethers  are  also  different.  The  reason  of  the  isomerism  of 
hydrobenzom  and  iso-hydrobenzoin  is  not  yet  clear ;  possibly  they  are 
only  physically  isomeric  (see  A.  108,  191  and  115). 

The  compounds  Benzoin,  Benzile  and  Desozy-benzoin,  which  have 
already  been  referred  to  in  the  summary,  are  closely  related  to  one 
another  as  their  formulae  show,  and  can  also  be  prepared  from  bitter 
almond  oil.  The  latter  "condenses"  (p.  133)  in  alcoholic  solution,  under 
the  influence  of  potassium  cyanide,  to  benzoin  (2G7HgO,  =  C14H12O2), 
which  forms  beautiful  glancing  prisms  ;  nascent  hydrogen  reduces  it  to 
hydrobenzom,  from  which  it  also  results  upon  oxidation.  It  reduces 
FeMing^s  solution  even  at  the  ordinary  temperature,  with  the  formation 
of  benzile. 

Benzile,  CgHg— CO — CO — CgHg,  is  obtained  by  oxidizing  benzoin  by 
means  of  nitric  acid.  It  crystallizes  in  large  six-sided  prisms,  M.  Pt. 
90°.  It  reacts  as  a  double  ketone  with  hydroxylamine,  is  oxidized 
to  benzoic  acid  by  CrOs,  and  reduced  by  nascent  hydrogen — according 
to  the  conditions— either  to  benzoin  or  to  : 

Desoxy-benzoin.  The  latter  forms  large  plates,  M.  Pt.  55°,  and  can 
be  sublimed  or  distilled  unchanged.  It  can  be  prepared  by  the  action 
of  benzene  and  aluminic  chloride  upon  the  chloride  of  phenyl-acetic 
acid  (CgHg — CHg — CO. CI),  which  is  a  proof  of  its  constitution,  and 
yields  di-benzyl  with  hydriodic  acid. 

Benzilic  acid,  (C6H6)2=C(OH)— COgH  (p.  445),  results  upon  heating 
benzile  with  alcoholic  potash,  by  a  peculiar  molecular  transformation 
similar  to  that  by  which  pinacoline  is  formed  (p.  192). 

A  series   of  compounds*  homologous  with  di-benzyl,  stilbene,  etc. 
is  also  known.     Carboxyl  groups  can  likewise  substitute  in  di-benzyl 
and  stilbene,  with  the  formation  of  phenyl-cinnamic  acid,   diphenyl- 
saccinic  acid,  stilbene-dicar\ioxy\\c  ac\^,  fc\.tt. 
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I  Further,  two  or  more  benzeiie  nuclei  may  be  connected  together 

through  more  than  two  carboa  BtomB.  in  indigo,  for  example,  tha 
two  benzene  residues  are  linked  together  by  four  carbon  atoma,  and 
the  same  holds  goo<i  for  the  hydrocarbon  which  is  its  basis,  viz., 
Mphenyl-dlacatylena,  CaHj— C^C— C  =C— CsHj  {Baeyer).     This  last 

I  compound  resnlta  from  the  oxidation  of  copper  phenyl- acetylene, 
C^Hj — C=C — Cu,  with  a  solntion  of  potassium  ferricyanide,  otyatallizes 
in  long  needles  which  melt  at  S8°,  a,nd  combines  with  eight  atoms  of 
brominB  to  an  octo-bromide.  Its  D-DInltro-aenvatlve,  which  ia  pre- 
pared in  an  analogous  manner  from  o-nitro-phenyl-acetylene,  yields 
indigo  when  treated  firaC  with  aulphuric  acid  and  then  with  sulphide  of 
•mmonium  (see  p.  432  ;  alHo  B.  IS,  63), 
In  MDenzoyl-acetio  add,  (CeHj.CO)a=CH-COjH,  a  di-ketonic  acid, 
whose  ether  ta  obtained  by  treating  benzoyl-acetic  other  with  benEoyl 
chloride,  two  benzene  rasiducs  ure  connected  together  by  three  carbon 
atoms.  The  free  acid,  which  crystallizes  in  needles,  M.  Pi.  109°,  Is 
split  up  into  CO,  and  the  di-ketone  Dlbenzoyl-msthEUie,  |CeH,CO),=CHg, 
when  boiled  with  water.  In  the  tatter,  a  solid  substance  which  boils 
without  decomposition,  the  hydrogen  of  the  methylene  group  ia  re- 
placeable by  metals  (through  the  influence  of  the  two  carbonyls)^  so 
that  the  compound  dissolves  in  alkalies  and  is  again  thrown  down  by 
I  scids.  By  the  further  action  of  benzoyl  chloride  upon  its  sodium 
Dompound,  we  obtain  Trlbenzoyl-mettuuie,  (CoH^.COjjCH. 

Vnlpio   acid,   C,gHj,Og,   a   lichen    acid,   is    related    to    the    above 
[    CompounUs. 


TBtraphenyl-Bthaao,  (C,Hj)i=CH~CH=(C,iro),  (large  prisms),  and 
I  Tetraphenyl-Bthylene,  (CoH()^=C=C=[C8Hj]j  (fine  needles),  are  also 
I    related  to  dibenzyl ;  both  of  these  go  into  benzupheuone  upon  oxidation. 


fOOMPOUNDS  WITH  CONDENSED  BENZENE 
NUCLEI. 

That  portion  of  coal  tar  which  boils  at  a  high  temperature 
BiContaiDa   a,  number   of  liigher    hydrocarbons,    among   which 
r  he  especially  mentioned  naphthaYeue,  d^^^  a.'K0a\aR«^v5, 
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Cj^HjD,  and  its  iaomeride  phenanthrene,  C^^Hjo.  The  firet- 
led  h  founi)  in  the  fraction  between  180-200°,  and  tho 
two  latter  in  that  between  340-360°. 

These  compounds  are  of  more  complex  composition  than 
benzene,  the  molecule  of  naphthalene  diifering  from  that 
the  latter  hj  C^H^  and  those  of  anthrai3ene  and  phenanthreiie 
from  that  of  naphthalene  by  the  same  increment.  They  show 
however  the  most  complete  analogy  to  benzene  as  regards 
behaviour,  so  tliat  almost  exactly  the  same  varieties  of  ■ 
pounds  may  be  derived  from  them  as  from  benzene  itself. 

Ah  a  matter  of  fact  they  are  undoubtedly  benzene  deriva- 
tives, anthracene  yielding  beozoie  acid  upon  oxidation, 
naphthalene  phthalic  acid,  and  phenanthrene  diphenic  acid. 
From  their  modes  of  formation  and  behaviour  it  foUows  that 
in  the  building  up  of  their  molecules  the  benzene  residues 
combine  together  in  such  a  manner  that  2  or  (2  x  2)  contiguous 
carbon  atoms  are  comuion  to  both.  For  further  details 
pp.  i61  and  470. 
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Naphthalene- 

Naphthalene,  Cj^Hg,  was  discovered  by  Gardm  in  1820.  It 
is  contained  in  coal  tar  and  crystallizes  out  from  the  fraction 
which  distils  over  between  180-200°. 

Formalicm.  1.  By  exposing  a  large  number  of  carbon  com- 
pounds to  a  red  heat;  thus,  together  with  benzene,  styrene, 
etc,  by  passing  the  vapours  of  methane,  ethylene,  acetylene^ 
alcohol,  acetic  acid,  etc.  through  red-hot  tubes. 

2.  By    lending   the   Taponr   of   phenyl-bntylene    dibromide, 
CgHj— CHg— CHj— CHBr— CHjBr,   over  quick-Uma   nised  to  a  Itw 
red  heat  {Armiheim) : 

C,sH,,Br,   -   CjdHb  +  2HBr  +  H^. 
3.  By  the  action  o!  o-xv^jlene  VTomvie  <■(..  Wa\  >\?on  the  aodinu 
impound  of  acetyloue.teti-B.c*rtox5^  ettiCT  ^,w».  tfCr.«a6.-u*j™»^f«' 
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ether,  p.  247),  there  results  "Hytlronniibthalciie-tetraoarboxjlie  ether" 
thua: 

and  from  this  latter,  by  the  Beparation  of  the  carboiyl  groups  and  the 
excess  of  hydrngen,  QAphthaleDe  [Boeder  and  Perkin,  B.  17,  448). 

4.  a-Naphthol,  OmHj.OH,  is  produced  by  the  separation  of 
water  from  piienyl-isocro tonic  acid  (FUlig  and  Erdmawn,  B.  16, 
43),  and  yields  naplithalene  wlien  heated  with  zinc  dust.  For 
fiirther  details,  see  below. 

CmslUutmi.  That  naphthalene  contains  a  benzene  nttcleus, 
in  which  two  hydrogen  atoms  occupying  the  ortho-position  are 
replaced  by  the  group  (C^H^)",  follows  not  only  from  its 
oxidizability  to  phthalic  acid,  but  also  {e.g.}  from  its  formation 
from  (>-xylylene  bromide.  And  that  the  four  carbon  atoms  of 
this  group  are  linked  to  one  another  without  branching  is 
shown  by  the  formation  of  a-napthol  (as  given  above),  from 
which  it  follows  at  the  same  time  that  the  end  C-atom  of  the 
ude  chain  takes  hold  of  the  benzene  nucleus  already  present, 
with  the  production  of  a  new  six-come  red  ring ; 

t3H        CP.  CH        CH 


"T  11 

\m 

(OH)! 

Pbenyl-iaoer. 

tonic  acid. 

That  there  are  u 

tually  two 

HC 

(OH) 

B'Naphthol, 
called  "condensed"  benzene 
nuclei  present  in  the  naphthalene  molecule  is  a  necessary  con- 
Bequence  of  the  fact  that  phthahe  acid  or  its  derivatives  ensue 
on  the  breakiDt;  up  of  the  LomiHiund,  not  only  from  one  but 
from  both  of  tlie  six-cornered  iings 

For  inetance,  a-nitro-naphthalene  (p,  464)  allown  itsolf  to  be  oxidized 
to  nitro-phthalto  acid,  CoHjfNOjXCOjHjj ;  conBeq_uontiy  the  benzene 
^g  to  which  tie  uitm-group  is  linked  remaina  wAsuA.    "ftiA,  o&xtSvaK- 

the  nitro-aapbtbaleue  bo  ainido-naphtho.\Btt6  »a4  Q».\&ia»>fc'&»i'i»^^i 
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no  amido-phthalic  acid  nor  any  oxidation  product  of  it  is  obtained,  but 
phthalic  acid  itself,  a  proof  that  this  time  the  benzene  nucleus  which 
binds  the  amido-group  has  been  destroyed,  and  that  the  other  has 
remained  intact  ((Troe&e,  1880 ;  for  an  analogous  proof  by  him,  sec 
A.  140,  20). 

Naphthalene  therefore  receives  the  constitutional  formula 
{Erlenmeyer,  1866) : 


The  behaviour  of  the  isomeric  tetrahydro-naphthylamines  upon 
oxidation  (p.  464)  is  also  of  great  interest  with  regard  to  the  constitu- 
tion of  naphthalene. 

Properties.  Naphthalene  crystallizes  in  glancing  plates 
which  are  insoluble  in  water,  sparingly  soluble  in  cold  alcohol 
and  ligroTn,  but  readily  soluble  in  hot  alcohol  and  ether; 
M.  Pt.  80°,  B.  Pt.  217°.  It  has  a  characteristic  tarry  smell, 
and  is  distinguished  by  the  ease  with  which  it  sublimes  and 
volatilizes  with  steam. 

It  yields  a  molecular  compound,  crystallizing  in  yellow  needles,  with 
picric  acid,  and  takes  up  hydrogen  far  more  readily  than  benzene  does 
to  form  Naphthalene  dlhydrlde,  CioHg.Hg,  and  -tetrahydride,  C10H8.H4, 
both  of  these  being  liquids  of  pungent  odour  which  regenerate  naphtha- 
lene again  when  heated.  By  the  intensive  action  of  hydriodic  acid  and 
phosphorus,  the  second  benzene  nucleus  can  also  be  made  to  take  up 
hydrogen,  so  that  a  hexahydride,  GxoHg.Hg,  and  finally  a  dekahydride, 
CjoHg.Hio  result.  It  likewise  yields  addition-products  with  chlorine 
more  readily  than  benzene  does,  e.g.  Naphthalene  dichlorlde,  CioHg.Cl2, 
and  -tetrachloride,  C10H8.CI4  (M.  Pt.  184");  the  latter  is  oxidized  to 
phthalic  acid  more  easily  than  naphthalene  itself,  hence  that  acid  is 
prepared  from  it  on  the  large  scale. 

Naphthalene  is  principally  used  for  the  preparation  of 
phthalic  acid  (for  eosin,  etc.),  and  of  naphthylamines  and 
naphthols  (for  azo-dyes) ;  also  for  the  carburation  of  illumin- 
ating gas.     It  is  a  powerful  antiseptic. 


-KAPHTHALENE  COMPOUNDS. 

DerirativeB  of  Naphthalene. 

The  Butetitution  producta  etc.  of  naphthalene  may  be  n 
I  or  di-derivatives,  etc. 

The  numiydenvaiives  invariably  exist  in  two  isomeric  form 
I-  and  ^compounds,  Sua  .■ 


1    5"  VChloro-napbthslane, 
rCioHjOH  "iJNaphthol. 


CioH^NHj  ";|Naphthylamine. 
Cii;H,CH,   ";|  Methyl-naphthalene. 


■.eolU 


B  in  the  case  of  tho  benzene  compmindfl,  tl 

1  inoao-derivittivee  here  has  not  only  been  establiehed  empirically,  but  it 

I  has  also  been  proved  (in  a  manner  similar  to  that  given  OQ  pp.  307 
U  stq. )  that  tho  four  hydrogen  atoms  of  each  of  tbo  two  groupa  have 
m  equal  value  as  regards  one  another,  bat  not  as  regards  the  atoms  of 
Hie  other  group,  so  that  (e.^.)  the  a-poaition  occurs  four  times  in  the 

K  molecule,  ■.;,  twice  in  each  of  the  benzene  nuclei  {Alterhtrg). 

The  above  constitutional  formula  for  naphthalene  satisfies  these  cou- 

I  ditiona  admirably,  since,  according  to  it,  the  positions  1,  4,  6  and  S  are 
severally  equal  uid  also  the  positiona  2, 3, 6  and  7,  but  not  the  positions 
1  and  2,  The  conception  that  in  the  a-compounds  the  position  1,  4,  6 
or  8  is  occupied  : 


r\Ayi' 


is  due  to  LirMrmann  (A.  loa,  225),  Rtvsrdin  and  Noltituj  (B.  IS,  36), 
and  Fiitig  and  Erdmamt  (cf.  the  formation  of  a-naphthol,  given  above). 
With  regard  to  the  di-derivatives  of  naphthalene,  a  considerable 
number  of  isomerides  of  a  good  many  are  known  ;  according  to  tho 
napbthalsne  formula,  ten  are  theoretically  possible  in  each  cose 
when  the  two  aubstituents  are  the  same,  and  fourteen  when  they 
are  different. 


Sromo-TUiph  tkalen  m. 


a-Hromo uapflOiHlenfl.  which  cunbe  prB^areAfcecA^.  ^oea^'tftNtK-'i 
to  tbe  fi-eompoaad  when  heated  with  oMoridB  ol  Bivvia\avaTft. 
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Nitro-naphlhaleTies. 

a-Nitro-naphthalene,  OjoHy.NOg  (Laurent,  1835),  results  from 
the  direct  nitration  of  naphthalene.  It  forms  yellow  prisms, 
M.  Pt.  61°,  boils  without  decomposition,  and  goes  into  di-,  tri- 
and  tetra-nitro-naphthalenes  upon  further  nitration, 
reduction  it  is  converted  into  a-naphthylamioe. 

c  ^-Hitro-naplitlialeiia  can  be  obtained  indirectly  1^ 
diazotudng  ^-napbtbjlamiiie,  and  acting  on  the  product  with  sodium 
nitrite  in  presence  of  cnproo*  oxide  (see  p.  337) ;  it  cr^Btaltizea 
bright  fellow  needlen. 

Naphihtjlamines  !  Naphtkaleae-sulphmie  aads. 

a-Naphthylamine,  Ci„Hj.NH3  (Zinin),  forma  colourli 
needles  or  prisms  readily  soluble  in  alcohol;  M.  Pt.  5i 
B.  Pt.  300°.  It  can  also  be  easily  prepared  by  heating 
n-naphthol  with  the  double  compound  of  chloride  of  calcium 
and  ammonia  (while  aniline  can  only  be  got  from  phenol  in 
similar  manner  with  difficulty)  : 

CioHr.OH  +  NHg   -   C^Hj-NHj  +  Hp. 

It  possesses  a  disagreeable  fa^cal-like  odour,  sublimes  readily, 
and  turns  brown  in  the  air.  Certain  oxidizing  agents,  such  at 
ferric  chloride,  produce  a  blue  precipitate  with  solutions  of  il 
salts,  while  others  give  rise  to  a  red  oxidation  product;  chromk 
anhydride  oxidizes  it  to  n-naphthoquinone,  la  other  leBpectt 
it  is  very  like  aniline. 

The  isomeric  /3-NaphthyIaniine,  CioH,.NHj  {Liehtiinaiai^ 
187G),  is  moat  conveniently  prepared  by  heating  /!f-naphth<| 
either  in  a  stream  of  ammonia  or  with  the  double  compound 
of  zinc  chloride  and  ammonia.  It  crystalhzea  in  glancii^ 
mother-of-pearl  plates,  M.  Pt.  113°,  and  has  no  odour.  It  ii 
more  stable  than  a-naphthylamine  and  is  not  coloured  bj 
oxidizing  agents. 

Both  oS  these  naphtVislaTtAoea  can  hn  uonverted  into  tetrahydrei 
compounds  by  the  aution  oi  BoAmta  atii  am-jV  .Cit»V<i\  ■• 
hydrogen)  npon  theiu.     V?ti\e,  W■«6NM,1(,^«Bto34IO ->.-■ 
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Gtill  reaerablea  its  mother  subatance  closely  in  moBt  of  its  properties, 
TBtoaliydro-;9-iiaplitllylamiiie  posseaseB  a  character  Bomewhat  liko  that 
of  ethylaminB,  The  latter  is  very  strongly  baaic,  hna  an  affinity  for 
carboaic  acid  anil  cannot  be  diaxotized,  yielding  on  the  contrary 
'  a  very  stable  nitrite.  The  a-eomponnd  ia  oxidizable  to  adipia 
acid  (p.  228),  and  the  ,S-conipound  to  "  carbo-liydroeinnanuo  acid," 
C.H^^^^'"'^'*'^.  From  this  we  are  justified  in  concluding 
that  in  the  j3-compDund  it  ia  the  benzene  nucleus  to  which  the  amida- 
gronp  is  joined  which  baa  taken  up  hydrogen,  but  in  the  a-compound, 
on  the  oontrary,  the  other  benzene  nucleus  [Bamberger  and  Miiller, 
B.  ai,  847,  1112,  etc.). 

From  both  naphthylamines  there  are  derived,  aa  in  the  benlwne 
series,  Ustliyl-  and  Slmsthyl-naphthylainlneB,  Fbeuj^-a-  and  -/9-iiaph. 
tliylamliies  (which  are  of  technical  importance),  Nltro-naphthylamlnsE 
Diamido- naphthalenes  or  NaplitbyleiLe-dlkmiitBB,  Ci,}Hg(NH,),,  Dlaio- 
conLponnils  [which  are  in  every  respect  analogous  to  the  diazo- 
pcunds  of  benzene,  espocially  in  their  capability  of  yielding  azo-dyes), 
Dlaia-anildo-coTnpoiiiKlB,  etc. 

The  Dlazo-aaUilo-naplttlialene,  Ci„Hj— N=N— NH— C10H7,  which 
results  from  the  action  of  I^^Oj  upon  n-napbthylamine,  readily  under- 
goes a  molecular  tranaformaticn  (like  the  corresponding  benzene 
compound)  into  Amiflo-azo-naplitlialene,  C,(iHj — N=N— CioHg.NHj. 
This  latter  compound  crystallizea  in  brownish-red  needles  with  a  green 
metallic  glance,  and  can  be  diazotJzed,  its  diazo- compound  yielding 
a-Aio-naplitb&lene,  CiuH^ — N  =  N— Ci„Ej  (red  to  steel-blue  glancing 
prisms),  when  boiled  with  alcohol.  This  lost,  which  can  either  not  be 
prepared  at  all  or  only  with  great  diffiunlty  by  tbc  methods  which 
hold  good  for  azo-benzene,  ia  in  its  turn  capable  of  forming  a  hydrazo- 
oomponnd,  CjuH, — NH — NH^CujH,,  which  undergoes  a  molecular 
transformation  with  acids  into  baaea  of  the  nature  of  benzidine,  e.g. 
KsphtWalM,  (Ci„M,)5(NHj)a,  etc. 

The  two  KaphtbEileae-aulplionle  acids,  C,oH,(SOaH),  which  are 
arjBtalline  hygroscopic  aubatances  obtained  by  heating  naphthalene 
with  concentrated  HiSO,,  and  of  which  the  o-Hcld  changes  into  the 
3-one  when  warmed  with  aulphurio  acid,  yield  the  two  naphthola 
when  fused  with  alkalies,  and  the  two  Cyano-uaphthaleiLes,  Cj„H,,CN, 
when  heated  with  potasainm  cyanide ;  these  last  are  crystalline  com- 
pounda  which  distil  unchanged. 

Naphthyl  am  in  e-sul  phonic  acids,  e.g.  CigHg(NH2)(S0gH),  are 
known  in  large  number.  Naplith ionic  acid  (NH2:S05H  =  1 :4) 
results  upon  sulphurating  n-naphthyl amine ;  it  ia  enn)Ioyod 
in  the  preparation  o/azo-dyes. 
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Niiphthols. 

a-  and  ;S-Naphthol8,  CidHj.OH,  which  are  present  in  coal 
tar,  can  be  easily  prepared,  not  only  from  the  naphthalene- 
stilphonic  acida  as  above,  but  also  by  diazotizing  the  naphthyl- 
amines.  They  crystallize  in  glancing  plates  of  a  pheaolio 
odour,  and  are  readily  soluble  in  alcohol  and  ether  but  only 
Bparingly  in  hot  water.  o-Naphthol  (Gness,  1866)  has  the 
M.  Pt.  95°  and  B.  Pt.  279°,  while  /3-naphthol 
has  the  M.  Pt.  122°  and  B.  Pt.  286° ;  both  of  them  are  readily 
volatile.  They  possess  a  phenolic  character  but  neverthele»- 
resemble  the  alcohols  of  the  benzene  series  more  than  th^^ 
phenols,  their  hydroxyl  groups  being  far  more  capable  aS 
reaction  than  those  of  the  latter,  e.g.  being  readily  exchange- 
able for  NHa  (see  above). 

Both  o£  the  naphthola  yiold  Ethyl  ethew,  C,oHj.O.C,H„  Aoa^k 
naphthols,  CigH^0(C3]0),  etc.  Ferric  chloride  oxidizes  both,  wilb 
the  production  of  a.  violet  (a)  or  green  (^)  colour,  to  DliiaphtIlol%, 
CjoH,j(OH)j,  which  correapond  to  the  diphenols  (p.  438)  and 
dorivativea  of  diniLphthyl. 

From  the  Qaphthola,  ob  from  the  phenols,  there  are  derived  Kitot><^ 
DinltTD-,  Trlnltro-  and  AmldD-aomponnils,  eto.  The  calcium  salt  trf, 
Dlnitro-a-naplithol,  C,„H,(NOs)s.OH,  ia  knovra  ilb  Martian'  yellow  or 
naphthaleoa  yellow,  and  ita  Bulphooic  acid,  Naphthol  yellow  S  or  Jiut 
ydlmo,  ia  alao  a  valuable  yellow  dye. 

Amldo-niiFhtliols,  C,gH,(NH;)(OE),  result  from  the  iiitro-naphthol 
upon  reduction;  like  the  amido-phenols  they  are  readUy  oxidized  n 
the  air.  (NH, :  OH  in  the  a-compound  =  1:4,  in  the  /S-compouM 
=  1:2.) 

The  dyes  (e.g.  Orange  II.)  which  are  obtained  by  ths 
action  of  diaao  compounds  upon  the  naphthols,  have 
already  mentioned  at  p.  370.  Other  azo-dyes  cc 
only  naphthalene  residues,  e.g.  Paflt  red  ("  Echtroth  "^ 
C,oHe(S08Na)— N=N— Ci(,H6.0Na,  which  results  froi  ' 
action  of  diazo-naphthalene-sul phonic  acid  (a  compound 
analogous  to  diazo-benzene-sulphonic  acid)  upon  ^-Daphth<d, 
For  the  composition  of  Biebrich  scarlet,  eto.  see  p.  372.  A^ 
series  of  Napbthol-mouo-,  -di-  etc.  snlpbouic  acids,  which  az« 
of  great  technical  value  ioT  ^\\e  T^-se-^Ma-^Aisa  tS  loa-d-yeB, 
knovm. 
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Dioxy-napkihcdenes  ;  Naphthoquinones. 

Yariooa  Dloxy-n&phtlialeneB,  C,uHb(OH)„  ore  known.  Two  of  them, 
tliehydro-uaphthoqmnoiiea,arH  oxiilizable  by  chromic  acid  to  compounds 
qoioonic  mitare  (p.  392),  the  naphthoquinones,  jast  oa  hydro- 
quinone  itself  ia. 

a-Hapbthaqninone,  CioEgO^  also  results  from  the  oxidation  of 
Daphthalene,  a-naphtbylaminc,  o-nmido-naphthol,  etc.  by  chromic  acid. 
It  crystallizei)  in  yellow  rbombic  tivblota,  M.  Pt,  125°,  and  ia  tlie  com- 
plete analogue  of  ordinary  quinone,  having  a  similar  odour  and  being  ' 
volatile  with  eteam. 

fl-iraplithoqnlnone,  which  crystallizes  in  yeUow-red  plates  and 
blackens  when  heated  to  115-120°,  has  no  odour  and  is  not  volatile, 
being  thua  more  like  pbenauthrene- quinone.  These  two  uompoitads 
receive  the  formnla ; 


0' 


CO 


CO 

IS),  since  they  react  1 

la-ultroBo-naplitbols,  I 

of  nitrogen  trioxide  J 


CO 
CO 

y9-Naphthoquin( 
{aee  Schvlls,   "  Thoerf arhon, "  1  Aufl,  S.  ■ 
ivith  hydroxylamine  to  form  oximeSi  the  so-called  Isa- 
compounds  which  are  also  obtained  by  the  action 
upon  the  naphtboU  tbemselvea. 

Oxy-naphtboqulnoiiee,  C,„H,Oj{OU),  are  likewise  known.  The  oidin- 
Dry  oxy-naphtbuquinone  is  a  hydro^yl  derivative  of  a-nuphthoqulnone 
(O  :  O  :  OH  =  1  :  4  : 2) ;  Juglona  (yeUow  needles)  is  an  iaomerio  oxy- 
naphthoquinone  (0:0:  OU  =  1:4:5)  which  occurs  in  nut  shells  and 
~  B8  also  been  prepared  artificially  (B.  SO,  934). 

A  Dioxy-naplitlioqiiljione,  Cn,H40j(OH}j,  is  the  "naphthoiacin"  or 

alizarin  black"  of  commerce,  a  valuable  dye  which  is  prepared  by 

cting  apon  a-dinitro-naphthalene  with  zinc  and  sulphuric  acid,  and 

'wbiob  comports  itself  like  the  alizarin  dyes  ;  it  ia  the  "  alizarin  "  of  the 

saphthaleue  series  (aee  p.  474). 

Romdogues  of  Naphthalene  and  Hydrocarbons  related  to  U  ; 
Carboxi/lic  Acids. 

a-  and  yS-Methjl-naphthalenea,  C^yH-TCFft.^  kiA  ^iis^  '^'s. 
DJmethjl-n&phtbaleneB,  C^QB.^{QYi.^^,  are  ^T«esvA'\o.  <33^' 
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They  may  be  prepared  synthetically  by  methods  analogous  to 
those  applicable  to  the  homologues  of  benzene. 

The  Naphthoic  adds,  CioH7.(COaH),  can  be  obtained  by  saponifying 
the  cyano-naphthalenes  and  also  by  the  other  synthetical  methods  given 
on  pp.  404  et  seq, ;  they  crystallize  in  fine  needles  sparingly  soluhle 
in  hot  water,  and  hreak  up  into  naphthalene  and  COg  when  distilled 
with  lime.  Among  the  Naphthalene-dicarhozyllc  adds,  CioHe(C02H)2, 
which  are  known  may  be  mentioned  Naphthalic  add,  which  at  a  some- 
what high  temperature  yields  an  anhydride  similar  to  phthalic  anhyd- 
ride. The  positions  a-a'''  (=  1:8)  are  ascribed  to  its  carboxyls,  this 
being  termed  the  **  peri  "-position. 

Phenyl-naphtbalene,  CifyB^iC^H^),  has  also  been  prepared;  it  is  a 
compound  built  up  of  a  naphthalene  and  of  a  benzene  nucleus,  and  is 
therefore  analogous  to  diphenyl,  CgHg — OgHg.     The  same  applies  to  : 

Dl-naphthyl,  C10H7 — G^R^f  which  yields  derivatives  {e.g.  the  di- 
naphthols  and  naphthidines)  analogous  to  those  of  diphenyl.  Three 
modifications,  the  a-a-,  p-p-  and  a-j3-compounds,  are  theoretically 
possible. 

Another    derivative    of    naphthalene    is    Acenaphthene,     CisH^o, 

CH 
=   CioH8<^  •  ^,  which  is  found  in  coal  tar.     It  crystallizes  in  colourless 
OJJ2 

prisms,  M.  Pt.  95^  B.  Pt.  277^ 


Appendix.    Indonaphthene ;  Thiophthene. 

The  hypothetical  Indonaphthene,  also  termed  Indene,  CgHg,  is  very 
similar  to  naphthalene  in  constitution,  thus  : 

CH        ^^a 

Derivatives  of  it  have  been  prepared  synthetically  (B.  17,  125 ,  20, 
1574,  etc.). 

Further,  there  is  a  compound  bearing  the  same  relation  to  naph- 
thalene that  thiophene  does  to  benzene,  viz.  : 

HC 
Thiophthene,  C4ll6^.2,  = 


■    all: 

I 
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whicli  may  be  looked  upon  as  reHnlting  from  the  contlenaation  of  two 
thiopbene  nuclei.  It  is  prepareil  by  heating  citric  acid  with  phoHplionifl 
trisalphiiJe  (B.  IB,  2444),  and  ie  eui  oily  liquid  whose  B.  Pt,  (225°)  diffanj 
only  in  slight  degree  from  that  of  napEithaleDE,  Thiooaphthene, 
already  described  on  p.  437,  stands  midway  between  thiophthene  and 
naphthalene. 


XXXII.  THE  ANTHRACENE  AND   PHENAN- 
THRENE  GROUPS. 

A.  Anthracene. 

Anthraoene,  C„Hi(,  (Dumas  and  Laurent,  1832;  FiUzscke, 
1857).  Formatiim.-  1.  Together  with  benzene  and  naph- 
thalene by  the  destructive  distillation  of  coal  and,  generally, 
by  the  pyrogenous  reactionB  which  give  rise  to  these  products, 
e.g.  by  passing  CH,,  C^H,,  C^Hj,  the  vapour  of  alcohol,  etc. 
through  red-hot  tubes  (cf.  p.  ■160). 

2.  By  heatjng  o-tolyl •phenyl  ketone  with  tiaa  dust  (B.  7,  17)  : 

C,H^<^^^C,H,  =  CbH,<^^>C„H.  +  H,0. 

3.  Together  with  dibenzyl,  by  heating  benzyl  chloride  with  water  to 
200" (B.  7,  248) : 

4CeH^CH,Cl  =  C,jH,„  +  CuH„  +  4HC1. 

4.  From  o-bromo- benzyl  bromide  and  sodium  in  ethereal  aolntion ; 
here  hydro -anthraoene  is  at  first  formed,  and  this  ia  converted  by 
oxidation  (which  is  partly  spontaneous  during  the  above  reaction)  into 
anthracene  (K  13,  1965) ; 


«:a<J^b,  +  ""S>o.H.  +  4N.  =  o.H.<;;g;>c.H, 


"•''•<OHy>°->'>  -  '^    -    O.H.<|i^.H.. 


0.   When  pbtbalic  anhydride  is  ^LQ&tc^  m\^\  \settTWNa 


3 
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chloride  of  aluminitim,  o-benzoyl-benzoic  acid  results,  and  from 
this,  on  heating  with  phosphoric  anhydride,  anthraqninone 
(Behr  and  v.  Dorp^  K  7,  578) ;  the  latter  goes  into  anthracene 
upon  redaction  with  zinc  dust : 

7.  From  alizarin  by  means  of  zinc  dust  (see  p.  474). 

CoTistUtUian.  From  the  above  modes  of  formation  and  from 
its  relation  to  anthraqninone,  whose  constitution  follows  e,g. 
from  mode  of  formation  6,  the  anthracene  molecule  is  seen  to 
contain  two  benzene  nuclei,  C^H^,  joined  together  by  a  middle 
group,  CjHj.  The  carbon  atoms  of  this  middle  group  are  like- 
wise linked  together,  as  is  seen  from  mode  of  formation  5,  and 
take  up  the  exposition  with  regard  to  each  other  on  one  or 
other  of  the  benzene  nuclei  (on  one  nucleus  according  to 
methods  of  formation  2  and  6,  and  on  the  other  according  to 
method  4 ;  for  further  proofs  of  this,  see  e,g.  v.  Pechmann^  B. 
12,  2124).  The  constitution  of  anthracene  is  thus  the  follow- 
ing (Graebe  and  Liebermcmn,  A.  Suppl.  7,  313) : 


H 


H 


H 


HC 


HC 


/N^/N/\ci 


CH 


c        c       c 

H  H  H 


or 


VnjA*/ 


The  two  carbon  atoms  of  the  middle  group  thus  form  a  new  hexagon- 
ring  with  the  carbon  atoms  of  the  benzene  nadei  to  which  they  are 
linked,  so  that  anthracene  may  also  be  looked  upon  as  being  buUt  up 
by  the  conjunction  of  three  benzene  nuclei. 

Properties  and  Behaviour,    Anthracene  crystallizes  in  colour- 
less  plates  which  show  a  magnificent  blue  fluorescence.    It  is 
insoiuble  in  water  and  ouXy  «^mTi^^  ^OiMkAa  in  alcohol  and 
ether,  but  readily  so  m  \io\.  >i«MKjaft  %  ^.  ^^V  '^^  ^^^^ 
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above  360°.     With  picric  acid  it  yields  an  addition  compound 
crystallizing  in  beauti&l  red  needles. 

Authraccne  is  tnuuformed  by  Kuulight  into  (the  polymeric!)  Farft- 
antbracene,  (CuHio),.  It  takes  up  in  the  lirat  instani^e  two  atoiuB  of 
hydrogen  when  redaced  (e.^.  by  hydriodlc  acid  and  phosphorna),  with 
the  formatioD  of  Autliraoana  dUiydilde,  C[,H,o,U,  (see  above,  mode  of 
formation  4).  ThiB  latter  cryetallizes  in  white  platcB,  readily  golnfale 
in  alcohol,  M.  Pt.  107°  ;  it  aublitnes  easily  and  distils  without  deoom- 
poaitioo,  bnt  goes  back  into  aothracene  at  a  red  heat  or  when  warmad 
witli  concentrated  sulphuric  acid.     It  hoi  the  conBtitution  : 

CH,<g^>>C,H.. 

A  Hexa-hydrlde,  Ci^Hj^Hg,  is  also  known. 

Derivatives  of  Anthracene. 

Theoretically  three  isomeric  mono-derivatives  ai'e  possible  in 
each  case,  viz.,  the  a-,  ji-  and  y-compounds  : 


TXXX 


since,  in  the  graphical  formula  given  on  the  preceding  page, 
1  =  4  =  5  =  8  =  a,  2  =  3  =  6  =  7  =  A  and  9  =  10  =  y.  The 
observed  facta  are  in  complete  accordance  with  this. 

The  position  of  (he  substituting  group  can  usually  he  determined 
either  by  the  behaviour  of  the  subntance  in  question  upon  oxidation,  e.g. 
if  it  be  in  the  y.paaition  it  will  be  eliminated  with  the  formation  of 
anthraqninone  ;  or  it  is  arrived  at  from  the  synthesis  of  the  compound, 
e.g.  in  the  case  of  alizarin,  whose  formation  from  pyrocatechia  and 
jthtbalic  acid  showa  that  its  two  hydroiyls  are  cootained  in  one  and  the 
mme  beQ^ene  nucleus. 

Anthraquinone,  C^^{CO)^'i^^,  in  which  the  hydrogen 
atoms  9  and  10  are  replaced  by  two  atoms  of  oxygen,  only 
yields  two  isomeric  niono-derivativea  in  each  case,  iBomeiic 
idi-deriratives  may  exist  in  very  \arg6  liWTcttiCT. 
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Summary  of  the  most  important  derivatives  of  Anthracene, 


C14H9CI 

Ci4H8Br2J 
C14H9.NO5,  unknown. 


Chloro-,  Dichloro-,  and 
Dibromo-arUhrcLcenea 


CX4H9.NH2,  ArUhramine  (/3). 

n  TT  an-a  f/S-Anthracene-sulph- 

^*    8\'-'^8    n^    disulpnonic  acids. 
Ci4H9(OH),  Oxy-anthrticenea  : 

C«H4<^^>CeH3.0H  *}Anthrol.     I  Cfi,<^^^^>C,K^,  Anthranol  (7). 

Hydro-compound  :  C«H4<gf  JoHj>CeH4,  °yn^;i7^^[;^- 
Ci4H8(OH)a,  Dioxy-anthmeenea : 
CeH4<^  ^^J>CeH4,  Anthra-hydroquinone  (isomers  :      chrysaz^L^  J 

Ci4Hg03,  Anthraqmnone : 


C::h;o;(SO;H),|    ^CTolSwr"'    ^'^'^CO'      '>C.H„  Oxanthranol. 

Ci4H702(OH),  Oxy-anthraquinones : 

C6H4(CO)2C8Hg(OH) :  a  =  Erythro-oxy-,  p  =  Oxy-anthraquinone. 

Ci4Hg02(OH)2,  Dioxy-anthraquinone8  : 

C6H4(CO)2C6H2(OH)2 :  ap  =  Alizarin,  aa'  =  Quinizarin,  ap'  =  Purpuro- 

xanthine,  etc. 

C6H3(OH)(CO)2C6H3(OH) :  Anthraflavic  acid,  Iso-anthraflavic  acid,  Anthra- 

rufin,  Chrysazin,  etc. 

Ci4H602(OH)3,  Trioxy-anthraquiTumes : 

C6H4(CO)2C6H(OH)3 :  oj8a'  =  Purpurln. 

Isomers  :  Flavo-purpurin,  Anthra-purpurin,  etc. 
Tetroxy-anthraquinones :  Anthrachrysone,  Rufiopin. 
Hexoxy-anthraquinone :  Rufigallic  acid. 


Ci4H9(CH3),  Methyl-anthracenes. 

Ci4H9(CgH5),  Phenyl-anthracene,  etc. 

r>  TT  ^Hg  \p  TT     Alkyl-hydro- 
^e^4<^CER-^^    ^*      antViraceivea. 


Ci4H8(CH3)2,  Dimethyl-anthracenes. 

C  H  (CO  H^  r Anthracene-car boxylic 
14    9V      2    /»"|^        acids  (o,  /3,  7). 

r  TT  ^CH2       \p  TT     Alkyl-hydr- 
^6^4<;CRCOHK^«^*»      anthranols. 
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Substllutlaii  prodncts  are  obtaiacd  directly  from  tbeae  ompottnda  ; 
they  yield  imthnuininoiie  upon  oiidatdoD,  and  therefore  conbun  the 
hnlogen  in  the  7-pDaitioD. 

jS-Anthraniine,  C„H„N.  is  obtained  from  ^-anthrol,  C„HuO,  aod 
aiiimoiiia,  anthrorfroin  anthraceDe-Bttlphonic  acid  and  pota*h,  and  the 
last-nimed  acid  by  the  rcdnctioD  of  ^•anthraqaiooiie-inaao-nilphoDic 
ftcid.  a-  and  ^-Dioxy-snthracenei  are  prepared  by  fiuiiig  the  mlpboaic 
acids  with  potash,  and  the  following  subttancca,  which  itaod  midway 
between  hydro-aothraceae  and  anthrsqaiiuMie,  viz.  hydranthrannl, 
oxanthranol,  anthraool  and  anthra-hydroqniBDne  {Litbarmans),  by  the 
more  oc  lesa  energetic  reductioa  of  antbraqninone.  Tbe  oiy-antbracenea 
appear  to  be  also  prcaeot  in  coal  tar.  The  phthalidhiGa  resalt  from  the 
action  of  concentrated  Halpharic  add  npoQ  the  phtbalinec  Ip,  465;  cf. 
bIbo  B.  is,  2150),  thns  : 

<--H,<SS.'ol?''^C,H.-IM)    =    C.H^gS^''>C.H, 
Tripheoyl -methane- earhoiylic  aoid.  Pbenyl-anthranol ; 

they  arc  oiddizable  to  the  phthalideina,  e.g.  Coemleln  (p.  4ST). 
7-Alkylated  anthracenes  are  also  prodnced  by  the  elimination  of  tbe 
elenjentB  of  water  from  the  alkylated  hydrantbranolB,  which  in  their 
tarn  are  obtained  from  hydranthranol  by  acting  upon  it  with  olkyl 
iodide  and  potaah ;  while  7-phenyl -anthracene  ia  got  by  lieating  phenyl- 
anthranol  (a  phthalidine)  with  zinc  duet.  For  iiiomeric  aikyl-anthra- 
oeneB,  see  below.  Anthraquinone  and  ita  oiy-compounds  are  of  especial 
importance. 


Anthraquinone,  Cj^HgOj  (Laurent,  1834),  Fowiation  as 
given  above.  It  is  easily  obtained  by  oxidizing  anthracene 
■with  chromic  acid  mixture  (which  is  the  method  followed  on 
the  loi^e  scale),  or  with  chromic  anhydride  and  glacial  acetic 
Acid,  and  is  also  prodnced  when  calcium  benzoate  is  distilled. 

It  crystallizes  in  yellow  prisms  or  needles  which  are  soluble 
in  hot  benzene,  sublime  with  great  readiness,  and  are  ex- 
ceedingly stable  as  regards  oxidizing  agents;  M.  Pt  277°. 
Hydriodic  acid  at  150°  reduces  it  either  to  anthracene  or  its 
di-hydtide,  while  fusion  with  potash  converts  it  into  benzoic 
.acid.  It  possesses  more  of  a  ketonic  than  of  a  quinonic 
chorracter  {Zincke,,  FiUif/),  not  being  reduced  by  sulphurous  acid, 
it  givea  an  oxime  with  hydroxyVMame. 
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It  yields  (mono-  and  di-)  bromn-,  nitro-  and  Bnlpho-compoiuidib 
AnUiraqDlnone-jS-mono-sulptioiilc-a^li]  cryHtallizfa  in  yeilow  tablets ; 
the  Dl-BUlpllO-aciaB  we  are  acqnainted  with  two  whicli  are  formed' 
directly  from  anthraquicone,  ttud  two  which  are  produced  by  tho 
oxidation  of  the  Bnthraceue-diaulphanic  acids. 

Fusion  of  the  snlphonic  acids  with  potash  does  not  generally  yield 
the  analogous  oxy-compounda  in  theoretical  quantity,  oxygen  being 
usually  aliBorbed  from  tho  air  at  the  same  time ;  thus  the  mouo-sulphonlo 
acida  yield  mono-  and  dioxy-,  and  the  di-sulpbonic  acids  di-  and  trioxy> 
anthraquinones.  In  practical  workiog  the  amount  of  chlorate  of  potaali 
required  ia  added  to  the  "  melt."  Prolonged  fusion  with  potasli  girea 
rise  to  decomposition  into  (oxy-)  benzoic  acida. 

Various  Oxy-anUiTAqninoiieB  can  also  be  prepared  by  the  aynthetical 
mode  of  formation  6,  p.  469,  which  applies  in  the  cose  of  onthraquiiione, 
viz.,  from  phthalic  anhydride  and  the  mono-  or  dioiy-beniienea  {Baeytf 
and  Caro,  B.  7,  792 ;  B,  152),  e.g.  : 

phenol  yields  by  this  method  the  two  oxy-onthraqninonet  (yellows 
needles),  pyro-catechin  (1:2)  yields  alizarin,  hydroguinone  yield) 
quinizarin,  and  ao  on.  They  are  further  produced  by  fusing  chloro- 
and  bromo-anthraqninonea  with  potaeh,  vrhUe  m-oxy-benzoio  iicii~ 
be  converted  directly  by  sulphuric  acid  into  anthraflavic  acid,  i 
being  separated  (see  Summaiy). 

Alizarin,  Ci^Hj,0„  is  the  most  important  constituent  of  the^ 
lieautiful  red  dye  of  the  madder  root  (Eubia  tinctorum),  whioh' 
has  been  known  for  ages,  being  present  in  the  latter  as  tha 
readily  decomposable  glucoside,  Rubeiytbric  acid,  Cj^HjgOjj 
(p.  513);  in  addition  to  alizarin,  madder  also  contains  purpurin. 
The  preparation  of  alizarin  from  anthracene,  with  the  intet^, 
mediate  formation  of  anthraquinone-mono-aulphonic  acid  o 
dichloro-antliraquinone,  which  was  first  introduced  in  1871. 
(Graebe  and  Liebermann,  Caro,  Perkin,  B.  3,  359;  A.  160,  130), 
depends  upon  an  observation  made  by  Graebe  and  Liebermamk 
in  1868  (B.  1,  49;  A.  Suppl.  7,  297)  that  alizarin  is  reduce* 
to  anthracene  when  strongly  heated  with  zinc  dust 

It  crystallizes  in  magnificent  red  prisms  or  needles  of  B 

glassy  glance,  which  melt  at  282°  and  can  be  sublimed,  di* 

solves  readily  in  alcohol  and  ether,  only  sparingly  in  hot  wattHj 

but,  as  a  phenol,  very  easftj  vn  3)toi\^  to  B.-mV^trred  soIuticH^ 

It  yields  insoluble  colouxed  coTavci^iii.a&— 'Ooft  i-^^i^i^^^iisiJ 
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with  metallic  oxides,  the  alumina  and  tin  lakea  being  of  a 
magnificent  red  colour,  iron  lake  violet-black,  and  lime  lake 
blue.  In  the  Turkey  Ked  manufacture,  for  instance,  the 
materials  to  be  dyed  are  previously  mordanted  with  acetate 
of  alumina  or  with  " ricinoleic-sulphuric  acid"  (see  p.  167). 

Nitrogen  tctroxide,  NgO^,  converta  alizarin  into  ^S-Hltro-aUzariii  or 

izarin  orange,  CuH,(NOg)0„  a  yellowisli'Ted  dye ;  and  this  latter, 

-when  treated  with  glycerine  and  sulphuric  acid  (the  Skraap  reaation, 

p.  493),  yields  AllaarUl  bine,  C^HgNOj  (see  quinollne),  which  is  likewise 

n  valnable  blue  dye,  boing  used  chiefly  iu  the  fonii  of  the  NnHSOg-uoni- 

Porpnrin,  Anthiapurparin  and  Flavopurpurin  are  also 
valuable  dyes  which  are  manufactured  on  a  large  scale. 

The  colouring  power  of  these  compounds  is  connected  with  the  pre- 
ice  of  two  hy<Jroxyls  in  the  ortho-position  to  one  another. 
Closely  related  to  the  anthracene  dyes  in  properties  is  Galloflavin, 
CijHgOg,  which  is  obtsinod  by  exposing  on  alkaline  aolutiou  of  gallio 
ftcid  to  the  action  of  the  air  (Bohn  and  Oraebe,  B.  20,  2327). 


Eomologues  of  Anthracene. 

lere  are  also  present  in  coa!  tar  : 

Hethyl-anthracene  (either  a-  or  §-),  CjiBg.CH,,  whioli  reiembles 
Anthracene  and  is  cxidizable  to  methyl-anthraquinone;  M.  Pt.  19S°. 

2,  Dlmathyl-anthraoene,  C„Hb(CHs)s,  M,  Pt.  224-225° ;  iaomera  of 
thifl  compound  have  been  prepared  synthetically. 

The  three  Antluacene-monocaxtjoixyllc  acids  which  are  theoretioally 
possible  and  also   some  AnUiracene-dicarboxiyUc   acMs   are    likewise 

]C1I0W1L 


B.  Phenanthrene. 

Phenanthrene,  C,jH,o  [Fiiiig  and  Ostenmyer  (1872),  A.  166, 

1].     This  hydrocarbon  is  found  accompanying  anthracene 

in  coal  tar.     It  crystallizes  iu  colourless  glancing  plates,  and 

alcohol  more  readily  than  anthracene  (with  a  blue 

M.  Pt.  100°,  B.  Pt.  340°.     It,m^-^  Vi%  ww^\^',s^^ 

tbracene  by  partial  oxidation,  t\i.6\iIt\jOT\jcffi.'jj'^^iS''*s^sS. 
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to  be  attacked,  and  subsequent  distillation.  Oxidizing  agents 
convert  it  into  diphenic  acid  (p.  441).  It  is  employed  in  the 
manufacture  of  printer's  black. 

Formation.     1.  By  leading  the  vapour  of  toluene,  stilbene,  dibenzyl 
or  o-ditolyl  through  a  red-hot  tube,  thus  : 

C6H4— CHg     ^     CeH4— CH  ^  ^ 

CgTl4 — CH3  ^6^4 — CH. 

o-Ditolyl«  Phenanthrene. 

2.  Together  with  anthracene  from    o-bromo-benzyl    bromide    and 
sodium. 

3.  By  distilling  morphine  with  zinc  dust. 

ConstittUion.     The  formation  of  phenanthrene  from  o-ditolyl,  and 

its  oxidation  to  diphenic  acid,  x^    *    r*r\-crf  s^^ow  that  it  is  a  diphenyl 

OqxI^ — UU2XI 

derivative  and  that  it  contains  one  C-atom  linked  to  each  benzene 

nucleus ;  this  carbon  atom  is  joined  to  the  corresponding  one  by  a 

double   bond,    as    is    shown    e,g,    by    its   formation   from    stilbene, 

C  H      CH 
®    **     ••    ,   a  reaction  completely  analogous  to  the   preparation   of 

diphenyl  from  benzene.  Since  diphenic  acid  is  a  di-ortho-diphenyl- 
dicarboxylic  acid  {Schvltz,  A.  106,  1 ;  203,  95),  phenanthrene  is 
also  a  di-ortho-derivative  and  possesses  the  following  constitution: 


CgH4 — CH 
CgH4 — CH 


or 


According  to  the  above  formula,  the  two  CH-groups  form  a  new 
hexagon  ring  with  the  two  carbon  atoms  of  both  benzene  nuclei  of  the 
diphenyl  to  which  they  are  linked,  so  that  phenanthrene — like  anthra- 
cene— may  be  looked  upon  as  the  product  of  the  coalition  of  three 
benzene  nuclei,  or  of  one  naphthalene  and  one  benzene  nucleus. 

We  are  likewise  acquainted  with  addition  and  substitution  products 
of  phenanthrene,  e.g.  a  tetrahydride,  nitro-,  amido-,  cyano-  and  oxy- 
compoundSf     and    sulphonic    and    carboxylic    acids.      Phenanthrol, 
Oj^HpfOH),  is  an  oxy-p\venant\iTeTi^,  >xi^  "t^ewMiiJitowv^-X^ 
Q4^8(OH)2,  a  dioxy-compoutid^\i\c\L^c»^\v^\i^^'8:\^^^^ 
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Phenanthrene-quinone,    i  *    *      i     ,  which  latter  may  also 

J  be  prepared  directly  from  phenatithreno  and  chromic  acid. 
1  It  crystallizes  in  odourless  orange  needles  which  distil  uu- 
I  changed,  but  are  not  volatile  with  steam;  M.  Pt.  198°. 
Phenanthrene-quinone  possesses  the  character  of  a  di-ketone, 
reacting  with  hydrosyl amine,  sodium  bisulphite,  etc.,  but  it 
can  be  reduced  to  the  corresponding  hydroquinono  by  sul- 
phurous acid.  It  gives  a  bluiah-grcen  colouration  with  toluene 
containing  thio-tolone,  glacial  acetic  acid  and  stdphuric  acid, 
which  changes  to  violet  after  dilution  and  addition  of  ether, 
i.e.  the  ether  becomes  violet-coloured;  this  is  the  Lavhenheimer 
reaction  (see  p.  298,  also  B.  17,  1338). 

With  (j-diamines,  members  of  the  phenazine  group  resvdt 
(p.  601). 


0.  Hydrocarbons  of  more  complex  nature. 


FluDrauthene,  C^^H,^  Pyren 
CjsH^B,  arc  hydrocacbODH  whit 
of  coal  tar  which  boils  at  a1 
flaoranthene  are  alao  found  in 


CijHi^,  ChryBBiie,  CijHu,  and  Botone, 
have  becLt  iaolated  from  that  portion 
ive  360".  Phenanthronc,  pyrene  and 
"Stupp"  fat,  i.e.  the  fat  obtained  aa  a 


bye-product  from  the  working  up  of  mercury  ores  in  Idria.  They  aX\ 
cryatallize  in  wliite  plates,  snblime  without  decomposition,  and  are 
converted  into  the  corfeaponding  ketones  upon  oxidation.  Their 
oonetitation  is  eipreaaed  by  the  following  formulae  (with  regard  to 
that  of  pyrene,  see  Bamherg(^,  A.  340,  147) ; 

Fluorantheoe.  Chrysene.  Retene. 

Hapbtho-antlmcene,   nhich   has   been    prepared    synthstically,   is 
ieomeric  with  chrysene  (B.  IB,  2209). 


IN  TO  THE   PYRIDINE   GROUP. 

PYRIDINE  DERIVATIVES,  ALKALOIDS  AND  \ 
COMPOUNDS  RELATED  TO  THEM. 

The  aromstic  compounds  which  have  heen  described  up  to  i 
now  are  derived  from  the  mother  hydrocarbons  ; 
Benzene,  C^H^,     Naphtlialene,  CmHg,     Anthracene,  Ci^Hju, 

But  alongside  of  them  we  have  to  place  several  groups  of 
very  important  nitrogenous   compounds,  which  are  derivedl 
from  the  mother  substances  ; 
Pyridine,  C^H^H,    Quinoline,  CflHjN,    Acridine,  CisHgN, 

in  precisely  the  same  manner  as  the  former  are  from  benzene 
etc.,  i.e.  through  the  replacement  of  hydrogen  by  halogflBi^ 
NO^  NH^  SO3H,  OH,  CH3,  CO^,  etc.  ^ 

The  diiference  in  composition  between  these  bases  {1 
one  another)  is  C^H^  this  being  the  same  aa  the  difTerencff 
between  the  mother  hydrocarbons,  from  which  they  may  bo 
considered  as  being  derived  by  the  exchange  of  CH  for  Nl 
thus: 

CflHf;  -  CH  +  N   =  C5H5N. 

Just  ae  naphthalene  and  anthracene  are  benzene  derivativefc 
so  are  quinoline  and  acridine  derivatives  of  benzene  on  th4 
one  hand  and  of  pyridine  on  the  other ;  the  latter  is  thus  th 
mother  base  of  all  the  classes  of  compounds  which  are  noi 
about  to  be  described. 

It  may  be  compared  with  benzene  in  many  points  : 
1.  It  is  even  more  stable  than  benzene,  and  is  furtha 
distinguished  from  the  latter  by  a  greater  indifference  towards 
the  substituting  reagents  sulphuric  and  nitric  acids  and  th« 
halogens.  The  first  of  these  sulphurates  only  at  very  higi 
temperatures;  nitro-pyri dines  are  as  yet  unknown,  as  are  al» 
iodo-pyridinea ;  while  chloro-  and  bromo-pyridines  have  so  f»r 
only  been  prepared  in  small  number.  Neither  pyridine  nor 
its  carboxylic  acida  a.re  aSactei '^i-j  -kA™  aK\i,  nhromic  acid, 
or  permanganate  oi  pota6\>. 


■      2.  The  behaviour  of  its  derivativea  is  on  the  whole  very 

PUke   that  of  the   derivatives  of  benzene.      Thus   its   homo- 

logues  (and  also  quinoline,  etc.)  are  transformed  into  pyridine- 

carboxylio    acids    upon    oxidation,    and    these    acids    yield 

pyridine  when  distilled  with,  lime,  just  as  benzoic  acid  yields 
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3.  The  isomeric  relations  are  also  precisely  similar  to  thoae 
of  the  benzene  derivatives.  Thus  the  number  of  the  isomeric 
mono-derivatives  of  pyridine  is  the  same  as  that  of  the  isomeric 
In- derivatives  of  benzene,  viz.,  three ;  and  the  number  of  the 
bi-derivatives  of  pyridine,  with  two  atoms  of  one  and  the  same 
eabatituent,  the  same  as  that  of  the  benzcno  derivatives 
CaEaXXX',  viz,,  six,  and  so  on. 

4.  The  products  of  reduction  are  likewise  analogous.  Just 
as  hexahydro-benzene  results  from  benzene,  so  do  we  obtain 
from  pyridine  (but  more  easily)  hexahydro-pyridine  or  piperi- 
dine,  CsHuN ;  further,  just  as  naphthalene  yields  tetrahydro- 
naphthalene,  so  does  quinoline  (readily)  tetrahydro-qninoli 
C,H[jN,  and  acridine  (readily)  (di-)  hydro-acridine,  CjgHjjN, 
which  last  is  analogous  to  anthracene  di-hydride.  Here 
Bfi  in  the  case  of  the  hydrides  of  the  benzene  series,  fiirther 
combination  with  hydrogen  may  take  place,  but  there  is  like* 
wise  here  a  tendency  to  the  reproduction  of  the  original 
bases. 

Consequently  the  consHMhn  of  these  compounds  is  very 
■  dmilar  to  that  of  the  benzene  hydrocarbons.  (For  further 
details,  see  pp.  483  and  494.) 

In  contradistinction  to  the  neutral  benzene  hydrocarbons, 
pyridine  and  its  homologues,  etc.,  are  strong  bases,  most  of 
them  having  a  pungent  odour;  pyridine  is  readily  soluble  in 
water  but  quinoline  only  slightly  so.  They  distil  or  sublime 
without  decomposition,  and  form  salts  with  hydrochloric  and 
aulphuric  acids  which  are  for  the  most  part  readily  soluble, 
-while  those  with  chromic  acid,  though  often  characteristic,  are 
.flBually  only  sparingly  soluble;  also  double  salts  with  the 
chlorides  of  platinum,  gold  and  mercury,  miwfc  pS  "^^wAv 
Vfl  with  difficulty,  and  so  on. 
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Summary  of  several  Pyridine  and  Qmnoli/ne  Derivatives. 


Pyridine     .... 

OsHjN 

Quinoline 

O^HyN 

Ohloro-pyridine,  etc. 

Pyridine-sulphonio 
acid  08.)   .    .    .    . 

fl.HiN01 
C»H4N(S08H) 

Chloro-qninoline,  etc. 

Amido-quinolines  .     . 

Quinoline-Bulphonio 
acids 

C^NOl 

C»HeN{NH,) 

CHeNCSOjH) 

Oxy-pyridines  (3) .    . 

OsH^NCOH) 

Oxy-quinolines  .    •    . 

OoH«N(OH) 

Methyl-pyridines  .    . 
(Picolines)  (3) 

Dimethyl-pyridines  . 
(Lutidines) 

Trimethyl-pyridines . 

Propyl-pyridines  .    . 

OsH^NlCHg) 

OsHsNlCH.), 

CfiHaNCOHs), 
OfiH^NlOaH,) 

Mfthyl-quinolines  .    . 
(Quinaldine,  etc.) 

Dimethyl-qmnolines  . 

Trimethyl-quinolines . 
etc. 

OoHflN(OH,) 
O^H^NCOH,), 
OAN(CH,), 

Pyridine-carhoxylic 
acids  (3)    .     .     .     . 

Pyridine-di  carboxylic 
acids  (6)   .     .     .     . 

Picoline-carboxylic 
acids 

OfiHiNlCOgH) 

C5H8N(C02H)2 

C5H8N(CH8)(C02H) 

Quinoline-carhoxylic 
acids 

Quinoline-dicarboxylic 
acids 

Quinald  i  n  e-carboxy  lie 
acids 

C9H«N(C02H) 
CgHfiNlCOjH), 
CaHsNCOHsJiCOjH 

Di-pyridine.     .     .     . 
Di-pyridyl    .... 
Phenyl-pyridines  .    . 
Piper  idine  .... 

CioHioNj 

O5H4N-C5H4N 

C5H4N(CeH5) 

CfiHnN 

Di-quinoline.     .     .     . 
Di-quinolyline  .     ,     . 
Phenyl-quinolines .     . 
Tetrahydro-quinoline . 

CisHmNj 
O^HeN-WN 

Oi,HeN(C«H,) 

C^HuN 

As  bases  they  are  tertiary,  and  therefore  cannot  (e.g.)  be 
acetylated;  they  combine  with  methyl  iodide  to  quaternary 
compounds. 

Pyridine,  quinoline  and  many  of  their  homologues  (and 

also  acridine)  are  found  in  coal  tar  and  in  bone  oil  (oleum 

Dippelii   animale),  from   which   they   can    be    separated  by 

the    addition    of  acids*,  iveN^x^^Yi^^'s*^  "Ovxe-l  ^^^xnot,  speaking 

g-eDP*-  "  -    He   obtained  c\\em\c^VVj  ^^^x^  ^n^-vx  \s^  ^^^^^j^ 
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feuctionation.  To  prepare  them  pure,  therefore,  recourse 
nmst  often  be  had  to  synthetical  methods. 

The  quinoline  and  also  the  pyridine  haaes  result  from  the 
dlBtillation  of  most  of  the  alkaloids  which  occur  in  nature,  e.g. 
quinine,  cinchonine  and  strychnine,  with  caustic  potash,  etc., 
and  their  carboxyhc  acids  from  the  oxidation  of  these  alkaloids. 
It  follows  from  this  that  most  of  the  latter  are  pyridine  deriva- 
tives. 

The  Alkaloida  are  vegetable  bases,  most  of  which  exert  an 
intensely  poisonous  or  curative  action ;  they  are  therefore  of 
great  medicinal  importance.  They  will  be  ti'eated  of  shortly 
here,  partly  under  the  pyridine  derivatives,  and  partly  (where 
their  relation  to  the  latter  is  as  yet  only  slightly  known)  in 
an  appendix.  Certain  alkaloids  (e.g.  caffeine,  p.  284,  aud 
choline,  p.  196)  belong  moreover  to  other  classes  of  com- 
pounds. 

The  designation  "alkaloids"  is  now  becoming  hmited  to 
33  which  are  derived  from  pyridine. 


11.  THE  PYRIDINE  GROUP,  C,H^.,N. 

The  pyridine  group  comprises  pyridine  itself,  together  with 
its  homologiiea,  carboxylic  acids  and  more  nearly  allied  deriva- 
L  tiveB. 

I  The  homologues  of  pyridine  which  are  obtained  from  coal 
tar  and  bone  oil  are  known  as  Picoline  (C^HjN),  Lutidine 
(Ct),  Collidine  (C^),  Parvoline  (CJ,  Coridine  {cj,  etc. ;  the 
fractions,  however,  whose  empirical  analyses  agree  with  these 
formulae,  do  not  represent  chemical  individuals,  but  are 
jnixtures  of  isomeric  and  also  in  part  of  homologous  bases. 

All  the  homologues  of  pyridine  are  distinguished  from 
pyridine  itself,  as  those  of  benzene  are  from  the  latter,  by  the 
readiness  with  which  they  are  oxidized  to  pyridine-carboxylic 
|.«cida: 

(7^Hj,N^G'H3)(GsH,)  yields  C.E.^'St.CO^'^i 
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Formation,  1.  The  pyridine  bases  result  from  the  destruc- 
tive distillation  of  many  nitrogenous  organic  substances,  hence 
their  presence  in  coal  tar. 

2.  Lutidine  is  obtained,  together  with  other  bases,  on  distil- 
ling cinchonine  with  potash. 

3.  Pyridine  is  got  by  oxidizing  quinoline  to  quinolinic  acid, 
C5H3N(C02H)2,  and  then  breaking  up  the  carboxylic  groups. 

4.  ^-Methyl-pyridine  results  on  distilling  acrolein-ammonia 
(p.  138),  and  collidine  in  an  analogous  manner  from  crotonic 
aldehyde-ammonia  or  aldehyde-ammonia  (p.  132)  (Baeyer^  A. 
155,  283,  297). 

Aldehydine,  CgHuN,  is  produced  by  heating  ethylidene  chloride  or 
bromide  with  alcoholic  ammonia,  and  /3-methyl-pyridine  by  heating 
glycerine  with  acetamide  and  phosphoric  anhydride. 

6.  When  potassium-pyrrol,  C4H4NK,  is  heated  with  CHClg,  chloro- 
pyridine,  C5H4CIN,  results  ;  and  when  with  CH2CI3,  pyridine. 

6.  Pjrridine  is  also  obtained  by  heating  hexahydro-pyridine 
(piperidine)  with  concentrated  sulphuric  acid  to  300**  (Konigs): 

7.  When  the  hydrochloride  of  penta-methylene-diamine, 
C5Hiq(NH2)2,  is  heated  rapidly,  piperidine  is  produced  {Laden- 
hurg,  B.  18,  2956,  3100) : 

C,Hio(NH2)2,  HCl  =  CgH^iN  +  NH.Cl. 

8.  The  compounds  of  the  pyridone  group  (p.  491)  are  transformed 
into  pyridine  derivatives  by  the  action  of  ammonia.  The  amides  of 
citric  acid,  e.g.  the  monamide,  CgH708(NH2),  yield  citrazinic  acid 
[dioxy-pyridine-7-carboxylic  acid  {Ho/mann)]  when  heated  with  HjS04, 
while  acetone-dicarboxylic  acid  yields  trioxy-pyridine  (B.  19,  2694). 

9.  When  aceto-acetic  ether  is  warmed  with  aldehyde-ammonia,  the 
ether  of  "Dihydro-coUidine-dicarboxy lie  acid,"  i.e.  a  dihydride  of  tri- 
methyl-pyridine-dicarboxylic  ethyl  ether,  is  produced  {Hantzsch) : 

2C6H10O3  +  CH3.CHO  +  NHg  =  C5N(H2)(CH8)3(C02R)a  +  SHgO. 

This  loses  its  two  *  hydro- '  hydrogen  atoms  when  acted  on  by  NgOj, 
and  goes  into  collidine-dicarboxylic  ether,  C5N(CH3)3(C02R)2i  ^^^ 
which  collidine  results  on  saponification  and  elimination  of  CO2. 

lit  instead  of  aldehyde-ammonia,  the  ammonia  compounds  of  other 
a/dehydes  are  used,  one  obWn^  asi?s\o^wji^V>^&ea  of  the  formula : 
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In  the  above  reaction  bIbo  a  molecule  of  oceto-aaetic  ether  mBy  be 
teplaced   hy  one  of  uMehyde,   wlien   the  mono-c&rboxylic  ethera  of 
L  ^methyl-  etc.  pyridine  are  formed,  thus  : 

C^wOb  +  2CHj.CH0  +  NH,  =  CsH,NH^CH,),COJl  +  mfi. 
Thia  IB  a  very  important  synthetical  method  [Haitlxsch,  A.  31B, 
I   1,  etc.). 

10,  Trioxy-pjridine   reenlts   from   ocetone-dicarboxylic   ether   aiid 


11.  Pyridine  is  further  produced  by  oxidizing  its  homologuei  to 
oarboxylic  acids  uid  eliminating  COg  From  the  latter. 

12.  Convereely,  the  homologues  of  pyridine  are  formed  by  heating 
the  latter  with  alkyl  iodide  to  300°  ( Ladenburg),  a,  reaction  analogous 
to  the  ptoductiao  of  toluidine  from  methyl-aniline. 

ConsHtuHon.  The  constitution  of  piperidine  and  pyridine  is 
expressed  by  the  following  formulae : 

H,  H 

C 


^^' 


That  of  piperidine  follows  from  its  formation  from  penta- 


HX/\CH,  ltc/\cfl 

f  and  I 

H 

Piperidine 
rf  piperidint 
lethylene-diamine : 

™3<gH:=oi;=S|  -  ™.<?h;=Ch:>NH  +  NH., 

Piperidine  therefore  contains  a  hexagon  ring  made  up  of 
one  imido-  and   five   methylene   groups,   and  is  a  complete 
analogue  of  hexa-methylene ;    it  may  be   designated   penta- 
I  methylene-imine. 

The   constitution   of  pyridine    follows:    1.    from    its  near 
I  relation  to  piperidine; 

B-dicirlxixjliu  acid  hy  the  osidatiou 

CsH,N  +  Ob  =  C,H,N(C0aH|3  +  H^O  +  200^, 
I  In  COD JQDction  with  which  are  to  be  taken  thepluo^K  ul  ^W 


CH. 


484  xxxrri.  PYnroraE  group. 

3.  from  the  perfect  agreement  with  theory  of  the  obaervcd  isoraerio ' 
relations  (sec  below) ; 

4.  from  tbe  truneformatioD  of  ethyl- pyridine  into  ethyl-benzene  uprai- 
heating  pyridine  with  ethyl  iodide  (A-  9*1,  14), 

Tlie  above  coustitational  formula  of  pyridine  was  first  proposed  by 

!)  thttB  proceed* 

OCH  /^ 

COoR— CHj  H.C— COjR       CO.R-C  C— COaR 

I  [  =  I  II  +3H,0  +  ^, 

CH,— CO  OC-CH3  HjC— C  C— CHj  ^^ 

Three  isomeric  mono-derivativea  of  pyridine  are  known  in 
each  case  {p.  479).  This  agrees  with  the  regarding  of  pyridine 
as  a  kind  of  mono-derivative  of  benzene  in  which,  instead  rf 
H,  a  CH-gToup  is  replaced  by  N;  the  mono-derivatives  0^ 
pyridine  are  thus  comparable  with  the  bi-derivatives  of 
benzene,  and  are  therefore  three  in  nnmber.  They  ate 
designated  as  o-,  /3-  and  ^-derivatives  of  pyridine,  as  it 
shown  in  the  following  graphical  formula : 


In  order  to  determiDe  the  position  of  any  given  group,  it  ia  sou^l 
to  exchange  it  for  carbosyl ;  shonld  picolinio  acid  result,  it  flUi  tlie 
a-positicn,  and  should  nicotinic  or  iao- nicotinic,  then  it  fills  the  p-  (ff 
V-position  reapoctivoly,  since  in  these  acida  the  a.-,  p-  and  7-poBitioiffl  of 
the  carboiryl  have  been  deternuned  by  special  meaiiB.  (See  MonatBh-f. 
Chemie,  1,  SOO ;  4,  437,  453,  695 ;  B.  17,  1518 ;  18,  2967  ;  IB.  2432). 
Di-derivativea  of  pyridine  containing  in  the  nioleculo  two  atomi  of 
one  and  the  same  subatitnent  can  exist  theoretically  in  six  iaomerio 
forms.  As  a  roattar  of  fact  the  six  dicarbosylic  acids,  for  example,  »M 
known  [aa'-,  oj3-,  07-,  aj9'-,  Py.  and  §p'- ;  see  p.  488). 

The  above  pyridine  Eotrtiiila  V1I.\  has  the  advantage  over  (I.)  tliatit 
givea  expression  to  thelinWagTOnii^li>CTQalftie^-st'i».Ai«Q.tttoiiu»iid 
of  the  nitrogen,  without  reuieivog,  i.^.  ^iw»M«.rj  'w  ■oita  a^saaSm'^ 
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aoconnt  tha  mode  in  which  tlie  fourth  affinity  of  each  carbon  ami  the 
third  affinity  of  the  nitrogen  are  naed  (analogoualy  to  the  hexagon 
formula  of  l>eui!ene,  p.  312).  Beaidea  Kiirwr'a  formula,  Pewar's  (1871) 
ia  cow  frequently  adopted  ;  it  is  : 


h/ 


.CH^ 


\ 


CH 


iUl.) 


fThe  iaomeriam  of  piooline,  CbH,N,  with  aniline,  CjHj.NHj,  which 
leata  itself  in  their  hamotogues,  ia  alao  worthy  of  notice. 
Pyiidine. 

Pyridine,  C^H^N  {A»derson,  1846),  may  be  prepared  from 
bone  oil,  and  can  be  obtained  chemically  pure  by  heating  its 
carboxylic  acid  with  lime ;  tbe  ferrocyanido  is  especiaUy 
applicable  for  its  purification,  on  account  of  its  sparing  solu- 
bility in  cold  water.  It  is  also  found  in  the  ammonia  of  com- 
merce. Pyridine  ia  a  liquid  of  very  characteristic  odour, 
miscible  with  water  and  boiling  at  114°.  When  sodium  is 
added  to  its  hot  alcoholic  solution,  hydrogen  is  taken  up  and 
piperidine,  CjH^jN,  formed  (Ladenburg  and  liolh,  B.  17,  513  ; 
see  alao  p,  488). 

When  healfld  strongly  with  hydriodic  acid,  pyridine  ia  converted 
into  normal  pentane. 

The   ammonium  iodides,   ctj.   CbHjN,  CHJ,   give   a  charaetariBtic 
pungent  odonr  when  heated  with  potash,  a  fact  whicli  may  be  made 
use  of  as  a  teat  for  pyridine  basea  ;   it  depends  upon  the  furmation 
of    alkylated    dihydro-pyridinea,     e.g.     Dlliydio-iiietliyl-pyrtdlne, 
CaH,,H5.N{0H,-,  [ifD/mann,  B.  14,  14tP7). 

Pyridine  is  polymeriiied  by  the  action  of  metallic  sodium  to  Dlpyri- 
dlno,  C,„HiuNj(anoil,  RPt.  286-290°).  with  the  aimultaneouaproduction 
of/J-Dtpyrldyl,  CijHaNs,  =  CbHiN-CjH^N  (long  needles,  M.  Pt.  1U°), 
a  compound  corresponding  to  diphcnyl  (p,  438) ;  both  of  these  yield 
jao-nicotiuio  acid  upon  oxidation.  An  isomeric  ni-Ilti}^rl*3V  tiaa  vl-ssi 
been  prepared,  vbich  gives  nicotinic  acid  w^bu  Qtvivifti- 
Fyridiae  om.  be  brominated  but  nob  mbt&tBA-, ' 
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ated,  with  the  formation  of  ^-pyrirtine-Bulphonic  aoid,  CjHjN.  (SOjH)^ 
from  wiiiuh  potasaitiin  oytmide  produces  Cyauo-pyzliUiie,  CjtBiN.Olff 
and  fusion  with  potaah  p-oiy -pyridine. 

The  three  Oxy-pyrldinea,  C^^NIOH)  (a-,  p-,  t-)><^^  I>eBt  prepared 
by  the  separation  of  COg  from  the  roapective  oxj-pyridine-oarboxyllB 
acids.  0-:  M.  Pt.  107°;  3-:  M.  Pt.  123°;  7- :  M.  Pt.  148°.  Thejr 
poaaess  the  character  of  pheoolB  and  are  coloured  red  or  yellow  bji 
ferric  chloride.  Aa  in  the  case  of  phloroglncin,  bo  here  also  them 
ia  a  ti-rtiary  as  well  as  a  secoadaiy  form  to  be  taken  into  ac 
the  former  remtnding  one  of  the  lactamea  and  the  latter  c 
laotimes ;  for  instance,  7-oiij-pyridine  may  either  have  the  formnl» 
CjH,<^'^^'>C,Hj  or  CjHs<^^>CjHj,  the  latter  of  the  two  repre^ 
aenting  a  keto-dibydro-pyridine  ("pyridone").  Both  of  the  methyl; 
derlvatiseB,  Methoxy-pyridine  and  Methyl -pyridone,  which  I'cault  fron>i 
theae  two  forma  by  the  exchange  of  H  (of  the  OH  or  NU  respectively) 
for  CH„  arc  known  (B.  IS,  19  ;  SO,  056). 

Trtoiy-pyridlne,  C,HiNOj.  By  the  condensation  of  acetone- dica^ 
boxylio  ether  with  ammonia  thore  ia  produced  Slutaalne,  CnHgNjOi, 
(uolourloHB  platBH  Eolnblo  in  alkali),  which  ia  converted  by  boiling 
hydrochloric  acid  into  ammonia  and  trioxy-pyridine  (yellowiah  n  ' 
BDopic  prismB  or  needlea).  For  ita  constitution  Bee  B.  IB,  2694]  80, 
2656.) 

Homologues  of  Pfridine. 

(Cf.  Ladenburg,  A.   347,   1.) 

Methyl-pyridines  or  Picolines,  Cj,H^N{CHb).  All  the  thrM 
picotiaes  are  contained  in  bone  oU  and  probably  alao  in  cod 
tar.  The  jQ-compound  results  from  acrolein-ammonia  (p.  482) 
and  alao  upon  heating  strychnine  with  lime.  They  arc  iiquiJs 
of  unpleaaant  piercing  odour  resembling  that  of  pyridine,  and 
tliey  yield  a-,  ji-  or  y-  pyridine-carbosylic  acid  when  oxidiwd.  | 
B-:  B.  Pt.  120°;  /J- :  B.  Pt.  142-144°;  7-:  B.  Pt.  142-145", 

Ethyl-pyrlalneB,   CjJTjNICsHii),   are   also  known,    a-Ethyl-pyridiw    ' 
(B.  Pt.  14S'5°)  being  obtained  by  the  breaking  up  of  tropine. 

Propyl-  and  iBojCTopyl  PyridlneB,  CjHjNICjH,),  have  been  carefullf 
investigated  on  account  of  their  near   relation  to  conino.     They  irB 

prepared  aa  given  at  p.  4S3,  12.     Oonyrine,  C8H„N  (liquid,  B.  I 
J66-1BS°J,  which  resulta  livon  \ies,tvn%  iioitvn.ft,  C^„N,  with  aino  di 

and  which  goea  into  conii\e  agwii  ^'^leTi  \\esAfti.  'n  "   "     " 

o-normal  propyl-pyridine. 
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a-AUyl-mrldlue,  CgH^NICjH,),  ia  produced  wheu  a-picoliue  ia  heated 
irith  aldehyde  : 

CsHiN.CHa  +  OHC— CHj  =  CcHiN.CH=CH— CHj  +  H,0. 
Kediiction  tranaforma  it  into  inactive  cooioe  (B.  Pt.  189-190°). 

DUnethyl-pyjiainea  or  LuOOinefl,  CbU3N(CHs)5.     The  presence  of  the 
ree  lutidines  has  been  proved  in  bone  oil  and  coal  tar.     Fat  their 
i^thetical  formation  see  p.  483.     n-y-Lutidiiie  hoila  at  167°,  and  the 
'-compound  at  142-143°. 

The  CollidineB,   CaH^N,   arc  iaomerie  with  the   propyl -pyridinef 

Some  of  them  are  present  in  bone  oil  and  can  be  prepaid  from  etc 

l^  dlBtilling  the  latter  with  cauBtic  potash  (p.  4S2).      Th 

oollidine  (a-a'-y)  which  is  obtained  from  aceto-acetic  ether  and  aldehyde 

'    (p.  483),  boils  at  171-172°.     "  Aldehydine  "  (from  aldehydt 

82)  is  ^-ethyl-a-roethyl-pyridine  (B.  21,  294). 

>  and  (S-PSenyl-pyridiiiOB,  CjHjNICetlj),  are  analogous  to  diphenyl. 

(See  Monatacb.  f.  Chemie,  IV.,  456,  472.) 


Pifridme-farhoxyltc  adds. 
f^  (See  Summary,  also  A.  341,  1.) 

The  Pyridine-mono-carboxylic  aoida,  C5H^N(C02H),  result 
from  the  oxidation  of  all  the  pyridine  derivatives  which  con- 
tain only  one  (carbon- containing)  side-chain,  i.e.  from  methyl-, 
■  propyl-,  phenyl-,  etc.  pyridines;  also  from  the  pyridtne-dicar- 
\  bozylic  acids  by  the  breaking  up  of  one  of  the  carboxyk,  just 
a  benzoic  acid  results  from  phthalic.     It  is  the  carboxyl  which 
s  nearest  to  the  nitrogen  which  is  first  eliminated  here, 
inic  acid  ia  also  produced  by  the  oxidation  of  nicotine, 
liey  unite  in  themselves  the  characters  of  the  basic  pyridine 
laud  of  an  acid,  and  are  therefore  comparable  with  glycocoU. 
[  They  yield  salts  with  HCl,  etc,  and  double  salts  with  HgCI^, 
L  PtClj,  etc. ;  on  the  other  hand  they  also  form  salts  as  acids, 
e  with  copper  being  frequently  made  use  of  for  the  separa- 
(tion  of  the  acid. 

The  (t  acid  ia  Picolinio  acid ;  needles,  M.  Pt.  1 35°. 
The  P'      „     Nicotinic  acid  ;  needles,  M.  Pt.  231°. 
The  y-      „      Iflo-nicotinicacid;  uee4\ea,'iA.,?t.?&ici\A^'i'y . 
L.A  iM  aoteworthj  tbat  the  a-  and  ^-acid&  laai  aW>  e.g.  tt«  ^--faiiaa^ 
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oxjiia  acid)  readily  yield  up  tbeir  nitrogen  aa  ammonia  when  acted 
upon  by  Bodiiiin  amalgam,  being  thereby  tramaformed  into  uneaturated 
aoida  of  the  fatty  aeries. 

Pyrldi-Of-dicarhoxylic  adds,  CiHjNICOaH)^. 

a-^-   =  Qulnoliiiie  add, M.  Pt.  about  223°. 

a-7-   =  mtidlnlo  add, M.  Pt.  235°. 

o-a'-  =  JHpkolifiic  acid, M.  Pt,  226°. 

a-^-  =  lao-dnchOTnenmic  acid,  M.  Pt  236°. 

^3*.=  Dinieotmic  aad M.  Pt.  over  2S5  . 

pjy.   =  Cinchomeronic  acid, M.  Pt.  over  250°. 

Quinolimc  acid  (short  glancing  prisms),  the  analogae  of  phthalic  aoidt'J 
resnlts  from  the  oxidation  of  qulnoline,  just  as  phthalic  acid  does  froin 
naphthalene;  cincbnineronlc  and  iHO-cinchameronic  acids  from  the  oxida-  ' 
tion   of  cinchonine  and  quinine.      The  conHtitution  a-p-   follows  tor 
qtUDolituc  acid  from  its  mode  of  formation  (p.  4S3). 

The  pyridine- mono-  and  di-carboiylic  acids,  which  contain  a  uarboxyl 
in  the  a-posltiaa,  give  a  reddish-yellow  colouration  wltli  ferrona  sdI- 

Pyridine-tricarboxylic  acid»,  CBHsN(COsH)a,  are  obtained  in  a  similar  1 
manner  by  the  oxidation  of  quinine,  cinchonine  (CaTlM-olllolunUBraida.  1 
add),  berberine  (Berberonla  add),  etc.  J 

Fyrldlne-psntacarboxyllc  add  (from  collidine-dicarboxyUc  acid)  Itu 
no  longer  basic  propBrties ;  it  readily  gives  op  COj, 


Hydro-dsrimiives  of  Pyridine. 

Piperidine,  OfH|,N  {We]-thdm,  Bockleder,  1850),  is  a  coloiu-  I 
less  liquid  of  peculiar  odour  alightly  resembling  that  of  peppe^    ' 
and  strongly  basic  pioperties,  readily  soluble  in  water  and 
alcohol ;  B.  Pt.  106°.     It  forms  crystalline  salts. 

It  occurs  in  pepper  in  combination  with  pipericacid,  Cj2Hj„0t(p,  427). 
in  the  form  of  the  alkaloid  Hparlne,  CisHisNOj,  =  CjHjuN— CaH^V 
i.e.  piperyl-piperidine,  which  cryBtallizes  in  priams,  M,  Ft.  129°;  fnrai 
this  latter  it  may  be  prepared  by  boiling  with  alkali. 

For  its  formation  from  pyridine  and  from  penta-mcthylenB-diarnine, 
see  p.  4S2. 

Piperidina  ia  a  secondary  amine ;  its  imido-hydrogen  ia  replaceibla 
by  alkyl  and  by  acid  radicles. 

AccorAing  to  theory,  Di-  and  Tetra-hydro-pyridines  and  derivititw 
of  these  may  exist.  Tetn^i^iYo-^fiSivie  4i:c\vD.ti»eH,  "  PiperideBUi 
e.ff.  a-Flpecole'vn,  CaHulS,  \\a'jQ\i(ien  ^tg^mbA^i^  l-«fl«(*™tft,\!it)M 
nation  of  bromine  and  caofttic  Boflji.  aTJ^^  *>-b  ^Y^sr'Aiosa.'iS'. »»,'«»» 
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The  honmlogaes  of  piparidina  have  been  deaignated  by  Latlrnlivrg 
Pipecolinea,  CjHi„N(CH3),  LupetidiDes,  CjHi,>r(UHj)„  CopellidineB, 
CiH^NtCHslj,  etc.  Tbe  most  ioterdating  among  bhem  are  the  a-,  p- 
SDd  7-Fropyl'  and  iBOpropj'l-pipertatiiw,  CgHioNICgH;),  on  account  of 
their  near  relation  to  eonine, 

Conine,  dextro-rotatory  a-normal-propt/l-piperidine,  C^Hj^N, 
=  CqHjoN(CjH7),  ia  the  poisonous  principle  of  hemlock 
(Conium  Macnlatum).  It  ia  a  colourless  dextro-rotatory 
liquid  of  stupefying  odour,  slightly  soluble  in  water;  M. 
Pt.  167-168°.  Hydriodic  acid  at  a  high  temperature 
reduces  it  to  normal  octane,  while  nitric  acid  oxidiaea  it  to 
bntyric  acid,  and  potassium  pennanganate  to  picolinie  acid 
(hence  the  a-position). 

Ladenhirg  has  prepared  it  ayuthetiually  by  rednuiug  a- ally  1 -pyridine 
in  alcoholic  solution  by  means  of  sodium  (B.  19,  2578) : 
C,H,N(CjH5J  +  4H,  =  C,Hi„N(CaH,). 

Id  this  reaction  there  is  first  formGd  tha  optically  iractivB  n-nonnal- 
propyl-piperidine.  which  is  broten  up,  by  crystallization  of  the  tartrate, 
into  Conine  [dextro -eonine)  and  a  liEvo-conine  which  resembles  the  other 
closely.  The  relations  of  these  two  baees  to  one  another  and  to  the 
inactive  modification  are  tbe  same  as  that  of  dextro-  to  la;vo-tarta,ric 
Mid  and  of  both  of  these  to  racemic  acid  (ct.  B.  19,  2584).  Analogous 
relations  hold  good  with  regard  to  the  ethyl- piperidines. 

a-,  |9-  and  ^-Conloslns,  CsH^N,  are  peculiar  bases  which  result 
from  the  (indirect)  separation  of  hydrogen  from  eonine.  Conydrlne, 
C^H,,NO,  an  oxy-derivative,  occurs  along  with  canine  in  hemlocli  i  it 
nryatallises  in  plates,  M.  Pt.  120°,  B.  Pt.  240°. 

As  secondary  bases,  piperidine  and  eonine  yield  in  the  first  instance 
tertiary  bases,  Uetliyl-plperidliie  and  -oonlne,  upon  niethylation,  e.ff. 
CjHj(,N(CHa),  These  unite  further  with  methyl  iodide,  the  resulting 
ftlnmonium  iodides  being  convertible  into  hydroxides;  the  latter  how- 
ever do  not  ^ain  break  up  into  their  components  upon  diatillation, 
but  yield  Dlmethyl-plpeTiillne,  CB5gN(CH,),  and  Dimethyl-conlns, 
CBHisN(CHg)j„  the  ring  being  broken  (see  B.  IB,  2628).  If  these  in 
Hieir  tnm  are  made  to  combine  with  CHjT,  there  result  ammonium 
iodides  which  give  off  their  nitrogen  as  tri-methylamine  when  distilled 
irith  alkali,  and  yield  the  hydrocarbons  Piperylene,  CgH^,  and  Couylene, 
CgHjj  (p.  57),  respectively  {Ho/maim'g  method  of  breaking  up  the 
piperidine  bases,  B.  IB,  2058). 

TropHUae,  C^Hi^N,  an  o;ly  base  IB.  Vt.  16YV  \a  teXntea.  ■« 
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tropine,  and  is  probably  a  derivative  of  a  tetrahydro-pyridine  (B.  16, 
1142). 

Tropine,  CgHjgNO,  is  obtained  by  decomposing  atropine  (see 
below).  It  is  a  base  crystallizing  in  plates ;  M.  Pt.  62°,  B.  Pt. 
229°.  Very  probably  it  is  an  Oxy-ethyl-methyl'tetrahydro-pyridine, 
C5H3.H4.(C2H40H)'— N(CH3),  (B.  15,  1029;  20,  1647).  It 
reacts  with  methyl  iodide  in  the  same  way  as  piperidine  and 
conine  do,  yielding  tropilidene,  C^Hg  (p.  58). 

Atropine,  Hyoscyamine  and  Hyoscine  are  three  isomeric 
bases  of  the  formula  Cji^HgsNOg,  which  can  be  respectively 
prepared  from  Atropa  Belladonna,  Datura  Strammonium  and 
Hyoscyamus  niger,  and  which  are  remarkable  for  their 
mydriatic  action  (power  of  dilating  the  pupil  of  the  eye). 
Baryta  water  breaks  up  atropine  into  tropic  acid  and  Tropine, 
CgHjgNO,  and  hyoscine  in  an  analogous  manner  into  tropic 
acid  and  the  isomer  of  tropine,  Pseudo-tropine.  Tropic  acid 
and  tropine  reunite  again  to  atropine  when  their  dilute  hydro- 
chloric acid  solutions  are  evaporated  together. 

If,  instead  of  tropic  acid  itself,  a  homologue  is  employed,  homologous 
bases,  the  **  Tropeines  "  are  obtained  ;  thus  mandelic  acid  yields  Homa- 
tropine,  CigHgiNOg,  which  exerts  like  atropine  a  mydriatic  action, 
although  a  less  lasting  one  {Ladenburg,  A.  217,  82). 

Belladonnine,  which  likewise  occurs  in  Atropa  Belladonna, 
can  be  split  up  into  tropic  acid  and  Oxytropine,  CgHigNOg. 

An  Iso-tropine  results  from  the  distillation  of  benzoyl-ecgonine  (p. 
501). 

Nicotine,  Ci^Hi^Ng,  =  CioH3(Hg)N2,  the  poisonous  con- 
stituent of  tobacco  and  the  tobacco  plant,  is  a  hexahydro- 
dipyridyl.  It  is  a  strong  diatomic  base,  oily,  readily  soluble 
in  water,  alcohol  and  ether,  and  of  a  stupefying  odour.  It 
can  be  distilled  unchanged  in  an  atmosphere  of  hydrogen,  but 
becomes  rapidly  brown  in  the  air ;  B.  Pt.  about  250°. 

It  yields   Iso-dipyridyl,    C10H8N2   (p.    485),   by  the   separation  of 

ijydrogen,  and  Di-piperidyl,  C10H20N2,  by  taking  more  hydrogen  up. 

The   two  dipyridyls   (p-   and.  m-V  vi\i\e.\v  are  known,    combine  with 

hydrogen   to   form  iso-iiicotviie   aiv^  TDAfto\K^v[\fe^  \>^'e»'we»  vsRTKv'oivs.  ^tJi 

nicotine.     Permanganate  oi  ipo\>a.a\v  oxve^-L^^  m^^^Im^  \»  ^v^^vivs^v^  ^xV 
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DseqaentJy  the  two  pyridine  reaiiiuea  of  which  the  former  ia  built  up 
a  the  ^-position  to  one  anotiier. 


Appendix :  Pyrone  Group ;  Ketinea. 

The  hypothotical  auhatinco  "Pyrone,"  CjH5<|]7y^CaH,,  would  be 
an  oxygenated  compound  of  kotonic  nature  nearly  related  to  pyridine. 
Although  not  known  itself,  derivativea  of  it  are,  e,g.  CXielidonlo  add, 
CyHgOg  (present  in  cellandine),  in  one  of  its  dieiirboxylic  acida  ;  further, 
Meconlo  SLtdil,  CjHiO,  (present  in  opium),  Pyromaconlo  acia,  CsHjOj, 
which  can  be  prepared  from  the  latter,  and  Cumallo  add,  Ci,Bfi„ 
which  is  obtained  as  giveu  at  p.  23!),  all  belong  to  thia  group.  These 
□ompoiiuda  are  of  especial  interest  because  they  are  readily  trana- 
fonned  into  pyridine  derivatives  by  ammonia,  f.ij.  cumalic  acid  yields 
in  this  way  osy-nicotinic  acid  (B.  17,  Z.Wl}.  For  the  syntbeais  of  oom- 
poonds  of  thia  nature,  see  B.  IS,  19  ;  30,  154. 

If  two  methine  groups  in  benzene  are  replaced  by  two  atoms  of 
nitrogen,  one  arrivea  at  the  formula  : 
M 


chk^Nch 


It  appears  as  if  the  so-called  Ketlnes  were  homolognea  of  the  above 
hypothetioal  substance  (which  ia  termed  "Pyrazine"  or  "Aldine"), 
the  ketinea  being  bases  obtained  by  the  reduction  of  iaonitroso-aectoue 
and  analogous  compouuda  (see  p.  143  i  B,  l«,  3073;  IB,  2526;  31, 
19). 


i 


CXXIV.    THE  QUINOLINE  AND  AORIDINE 
GROUPS. 

A.  Quinoline  Group,  C„Hj„_iiN'. 

The  quinoline  group  comprises  quinoline,  ita  substitution 
products,   homologues,    carboxylic    acids,    etc.,   all   of  which 
■emind  one  of  the  correapoiiding  conipoucda  of  the  pyridine 
group  in  their  behaviour  (cf.  Summary,  p.  \ftQY 
Quinoline  stands  to  pyridine  as  xvaphthsAeiie,  i.c«&Ui\vW«Kwei. 
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Formation,  1.  By  the  dry  distillation  of  nitrogeneous 
organic  substances,  and  from  alkaloids  as  given  at  p.  481. 
Cinchonine  yields  quinoline  itself  when  heated  with  potash 
(Gerhardty  1842),  and  quinine  gives  methoxy-quinoline  (p.  496). 

2.  Quinoline  is  produced  when  aniline  is  heated  with 
glycerine  and  sulphuric  acid  in  presence  of  nitro-benzene 
{Sb'au;py  B.  14,  1002;  Monatsh.  f.  Chemie,  I.  316;  11.  141) : 

H  CH,(OH)-CH(OH)    .  ^  _  p  „  ^CH=CH 

^«°*<NH,  +  CH,(OH)  +  ^  =  ^«^*<  N=CH  +  ^^'^' 

Aniline.  Glycerine.  Quinoline. 

The  nitro-benzene  simply  acts  as  an  oxidizing  agent ;  the  formation 
of  acrolein  as  intermediate  product  is  to  be  assumed  here,  the  latter 
combining  in  the  first  instance  with  aniline  to  acrolein-aniline.  The 
homologues  and  analogues  of  aniline  yield  homologues  and  analogues  of 
quinoline  by  corresponding  reactions ;  when  naphthylamine  is  used,  the 
more  complicated  naphtho-quinolines  result  (see  below). 

3.  Quinoline  is  formed  by  the  separation  of  the  elements  of  water 
from  o-amido-cinnamic  aldehyde  {Baeyer  and  Drewson,  B.  16,  2207) : 

XH=CH— CHO  .CH=CH 

^•«<NH,  =    ^«^<   N=fcH  ^  ^^«- 

Carbostyril  (a-oxy-quinoline)  results  in  an  analogous  manner  from 
o-amido-cinnamic  acid  {Baeyer) ; 

CH=CH  /CH=CH 

^«^<  NH,CO.OH    =    ^«^^^  N=C.(OH)  ""  ^''^' 

Of  historical  interest  is  a  partly  analogous  synthesis  of  quinoline  by 
the  action  of  phosphorus  pentachloride  upon  hydro-carbostyril  (p.  417), 
and  reduction  of  the  resulting  dichloro-quinoline,  CgHgNClg,  by  means 
of  hydriodic  acid  {Baeyer,  B.  12,  1320). 

4.  When  aniline  is  heated  with  aldehyde  (para-aldehyde) 
and  hydrochloric  acid,  a-methyl-quinoline  (quinaldine)  is 
obtained  (Doebner  and  v.  Miller) : 

CeH^.NH,  +  2C2H4O  +  0   =   C10H9N  +  sup. 

In  this  reaction  aldol  is  formed  as  intermediate  product,  thua  : 
Aniline.  A\do\.  ^N3:m^5i:\afc. 
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Here,  again,  variona  other  primary  aromatiD  amines  may  be  used 
instead  of  aniline;  and  other  aldehydes  (B.  IS,  3361)  or  ketones  (e.^^. 
II.  IS,  1394)  instead  of  para- aldehyde. 

5.  Aniline  anil  aceto-acetic  acid  combiae  together  at  temperatnrea 
»bove  110°  to  aceto-acetanilide,  CH,— CO— CH,— CO.NH.C^s,  from 
which  y-methyl-a-oxyquinoline  ("  methyl-oarboBtyril  "  or   "a-oxy-y- 

■lepidine  ")  regnlta  on  the  elimination  of  water  {Knorr,  A.  336,  75) : 
CHj  CH3 

Aceto-acetanilide.         y-Methyl-carboHtyril. 
Aniline  con  also  react  with  aceto-acetie  ether  [under  100"),  with  the 
jCormation  of  ^-Fbenylamido-crotonlc  ether, 

'C^i— NH— C(CH,)=CH— COjCjHb,    which    yields    y-ojiy-quinaldino 
when  heated  {Conrad  and  Lim-padi,  B.  20,  944) : 

OCa^s  C(0H1=CH 

C,H       OO-CH  =    C^<  '    A_p„    +  C.H^. 

^NH-C-CH,  ' 

AnalogouBty  to  aceto-acetic  ether  (which  is  the  ether  of  a  /9-ketomo 
id),  the  |3-diket<inea  likewise  condense  with  aniline ;  further,  also, 
miitures  of  ketones  and  aldehydes,  or  minturea  of  aldehydes  which 
would  yield  ^-diketones  or  ^-ketonic  aldehydes  if  condensed  together 
(O.  Ba/eT,  B.  ao,  1767).  With  acetyl-aoetone  we  ohtain  (e,g.)  a-y 
dimethyl-qninoliue : 

CHj  CHj 

0«Hr-NH,  +  CO— CH3  _    pT,^'^='^2         4  2H^0. 

CO— CHj    "      '"^"^N^C— CH3 
These  reactions  are  nearly  allied  to  those  already  spoken  of  under  4. 

6,  o-Amido-henzaldehyde  undergoES  condensation  with  aldehydes 
wid  ketones  under  the  iuflueuce  of  dilute  caustic  soda  solution,  with 
the  formation  of  quinoline  derivatives  {FriedtaniUr,  B.  IS,  2574;  IB, 

With   aldehyde   quinoline   itself   results,   and   with   acetone 
qninaldine ; 

CjHeO  =  C,„H,N  +  2HaO ; 
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7.  Quinoline  is  produced  when  the  vapour  of  allyl-aniline  is  led  over 
heated  oxide  of  lead  {K&rUga) ; 

8.  Also  by  oxidizing  acridine  to  acridinic  acid,  C^^'NiCOJS.)^  (p. 
497)}  and  eliminating  the  carboxyls. 

9.  For  further  syntheses  see  B.  18,  632,  1460,  2632,  2975. 

Constitution,  The  above  modes  of  formation  (especially  3 
and  5)  show  that  quinoline  is  an  ortho-di-derivative  of 
benzene,  and  that  it  contains  its  nitrogen  linked  directly  to 
the  benzene  nucleus ;  they  also  show  that  the  three  C-atoms, 
which  enter  the  complex,  form  a  new  hexagon  (pyridine)  ring 
with  this  nitrogen  and  with  two  carbon  atoms  of  the  benzene 
ring.  The  latter  point  also  follows  from  the  oxidation  of 
quinoline  to  pyridine-dicarboxylic  acid  {Hoogewerff  and  van 
Dorp) : 

r.  ^  /CH=CH      ^  COaH-CH— CH=CH       ^^^ 

C«H.<  +00=        »^     .  .      ^  2C0-  +  H-O. 

«   *\  N=CH         *         COaH— CH—  N  =CH  ^    ^  »  ^  ^«^* 

Quinoline.  Quinolinic  acid. 

We  have  thus  the  following  constitutional  formula : 
CH       CH 


HC 
HC 


C 

HC  N 


^        ^^  CH 


CH 


or 


The  second  of  these  two  modes  of  writing  the  formula  possesses  this 
advantage  over  the  first  that  it  is  independent  of  special  assumptions 
with  regard  to  the  mode  in  which  each  fourth  carbon-  or  third  nitrogen- 
affinity  is  taken  up.  One  may  also  assume  here  a  mode  of  linking 
corresponding  to  that  of  the  pyridine  formula  III.  (p.  485). 

Quinoline  is  thus  constituted  in  a  manner  perfectly  analogous 
to  naphthalene,  and  may  be  looked  upon  as  being  derived  from 
the  latter  by  the  exchange  of  CH  for  N,  or  by  the  "  condensa- 
tion "  of  a  pyridine  and  a  benzene  nucleus. 

When  quinoline  derivatives  are  oxidized,  the  henzene  residue  usually 

proves  itself  to  be  less  stable  than  the  pyridine  one.     This  is  shown  in 

the  case  of  quinoline  \tse\i,  t\ie  Vj^wt^cl^  nucleus  being  destroyed  upon 

its  oxidation  to  pyridine-d\ca.t\ioi^>j\\G^cv^V,^.  ^^'^^.    a-'^'aJOcLj^Vo^vmoU^^ 

gives,  on  the  other  hand,  ace\.^Vo-aHv\^QAiev«s^a^\\^V'5o.^^^^ 
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.   „,  -   _.<™''^  .  CO,. 

The  pyridmo  nucleUB  of  qninoline  takes  up  hydrogon  mora  readilf 
than  the  bonzene  one ;  thns  quiooline  is  eaeilj  coaverteil  (ev«ii  by  tin 
and  hydrochloric  acid)  into  tetrahydro-quinoline,  although  it  can  be 
reduced  further  only  with  difficulty. 

The  three  H-atomB  of  the  pyridine  micloua,  counting  from 
the  N,  are  designated  as  a-,  /3-  and  y-,  and  the  four  H-atoms 
of  the  benzene  nucleus  as  o-,  rii-,  p-  and  a-  (ana-)  hydrogen 
atoms;  or  the  former  as  Py- 1,  -  and  3,  and  the  latter  as  B-1, 
-2,  -3  and  4  atoms  {Baeper,  B.  17,  960).  Since  no  one  of  these 
H-atoms  is  hnked  Bymmetrically  to  another,  seven  mono-deriv- 
ativea  of  quinoline  are  in  each  case  theoretically  possihla  As 
a  matter  of  fact  all  seven  quinoline- monocarhoxy lie  acids  have 
been  prepared. 

The  position  of  the  aubstituents  follows  :  {a)  from  the  nature  of  the 
products  which  result  upon  oxidation,  e,g,  B-quinoIinc-caj'baxylic  acid 
(t.e.  one  whose  carbosyl  ia  linked  to  the  beozenn  qucIbub)  yields  a 
pyridine-dioarboxylic  acid,  while  a  Py-qninolioecarboxylio  acid  (whose 
oarboxyl  is  linked  to  the  pyridine  nucleus)  yields  a  pyridine -tricar- 
boxylic acid ;  (A)  from  the  syntheeis  of  the  componnd  in  question. 
The  metbyl -quinoline,  for  instance,  which  results  from  otoluidine  by 
the  Skraup  ayutheais  must  be  a  B-l-compound  ; 

/\  /v\ 

I  +  CaH^O,  +  0   =  I  +  4H,0, 

CH,  ^  CH:, 

whilst  m-toluidinemuBt  yield  aB-2-orB-4-,  and  ji-toluidioB  aB-3-methyl- 
loline  (a  "  tolu-quinoline  "). 


Quinoline. 


Qainoline,  lewxHne,  CgH^N  (Runge,  1834),  is  also  found  in 

Pldrian  "Stupp"  fat  (see  p.  477).     It  ia  a  colourless  strongly 

f  refracting  liquid  of  a  peculiar  and  very  characteristic  odour ; 

?t.   236°.     Quinoline  is  a  monatomic  base.     It  forms  a 

lultly  soluble  bichromate,  (Cgt^S")^  CTJiTS-,.    \]i\)s«i\^ 

uitifebrilo. 
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Nnfceot  hydrogen  traasforma  it  first  into  Dlhydro  -  qnlnolina, 
C,H,N   (M.  Pt.   161°),  and   then   mto  Tatxahydro-dUiniHtae,   C.HuN,  i 

=  CgHj-CT^Z!     ■„    (Uqnid,  B.  Pt.  245°).     Since  hoth  of  these  yield 

NH — CHj 
nitroBomines  and  can  be  alkylated,  they  ore  nccondary  bases.      The 
tetrahydro-componnd   exerts   a   stronger   antifebrile  actjon  than  the 
mother   anbatancc,   especially  in    the   form    of    its    ethyl- derivative, 
CalrollniB.  le,  739).  i 

When  qainoline  is  heated  with  sodium,  a  DiqninolyUne,  CgHgN-C^HgK,  j 
analogoua  to  dipheoyl  or  dipyridine,  ia  formed ;  it  crystallizes  in  small; 
plates  or  needlea.     Quinolinc  also  yields  Dlqulnollne,  (CeHrN)^  (yelloi; 
needles),  by  polymerimig. 

Halogeo  derivatives  of  quinolino  and  nitro-qniaolineB  have  be^ 
prepared  by  the  Siraiip  reaction,  etc.  ;  anii,  from  the  reduction  of  ti 
latter,  amido-quiDolines,  CeH,N(NHj).  The  quinoline-sulphotiic  aou 
yield  cyano-qoinolines  when  heated  with  potasaiiun  cyanide,  and  oxfi 
qiiinolinea  when  fnsed  with  potash.  Certain  of  the  last-named  c 
pounds  likewise  result  from  the  amido-pheaols  by  the  Sli^aup  maotioBj 
these  containing  the  hydroxyl  in  the  bemwne  nucleus.  p-UtlOlosf 
qnlnoUne,  CgHgN(O.CH,).  is  the  anisol  of  the  qninoline  series  anj 
resembles  quiuoline  closely.  For  its  formation  fiom  quinine,  see  p| 
492.  ^ 

a-Oxy-qninoline,  carbostyril,  CgH4(C3H2N.OH),  is  a  quinoline 
hydroxylated  in  the  pyridine  nucleus  (see  p.  492,  mode  of 
formation  3).  It  crystallizes  in  white  needles  and  is  soluWo 
in  alkali,  from  which  it  ia  again  thrown  down  by  carbonic 
acid;  M.  Pt  198-199°.  Its  constitution  follows  from  ite 
formation  from  o-amido-cinnamic  acid  (p.  492). 


Hcmoloffues  of  Quinditie;  condensed  QidnoUnes. 

Qnlnaldine,  oymethyl-qumoline,  CjoHgN,  ia  contained  in  coif 
tar.     It  is  a  colourless  liquid  of  quinoline  odour,  which  boib 
at  138°,  and  whose  oxidation  yields  either  a  benzene  or 
quinoline  derivative,  according  to  the  nature  of  the  oxidizing 
agent  (see  p.  494). 

The  hydrt^en  of  the  methyl  group  readily  enters  into  reaction) 
qainaiAxTie  reacts  with  phthalic  anhydride  to  produce  a  beautiful  yeilo* 
dye,   QufnoUne-yellow,  Ci„K,'Sl.C0V,Cfttt4  (B.  IB,  2602).      In  preBewN 

CynniMBB,  wheuaJkylttteil  o.nitres.teiVAVoBA-'--       '—"^ 


IT 
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7'Hetli;l-qtiinoUiie,  kpiiline,  dntho-Upidint,  C^^[CRJi,  is  obtained 
by  diHtilling  oinoiionme  with  oiiiie  of  lead  :  B,  Pt.  264*. 

aetbyl-quiiioImeB  are  iaomerio  with  the  naphtbylaminea.  The 
lioniologuea  of  qiiinoline  which  hikve  beeu  isolated  from  coal  tar  and 
]  known  as  Lepldlne  of  Iiidolina,  C,t,UgN,  DrTptldlue, 
CuH„N,  eto. 

TBtramethyl-qmnoline,  M.  Pt.  64°,  R  Pt  28*°  (B.  1»,  1394). 

Pbenyl-qulnoline,    CsHoN— CsH,,        Py.3-phenyl-quinoline, 
,C(C„H,1  =  CH 
Ca^4'C  ■      ',  is  to  be  regarded  as  the  mother  aubatance  of  the 

oiDchona  a!kaloida  (Kdnigs  and  Xi:/,  B.  19,  242T). 

naTanUlna,  CieH,,N„  a  beautiful  yellow  dye,  which  resalts  npon 
ieating  acetanilido  with  idno  chloride,  ia  an  a-amido-phenyl-T-methyl- 
quiuoline(B.  16,  1500). 

Haphtho-qalnolliLea,  Cj,HgN.  Theae  compounds  (solid  boBea),  which 
re  deriTed  from  pheuaothrena  by  the  exchange  of  CH  for  K,  are 
obtained  by  subjecting  the  two  naphtbylaniiiies  to  the  Sbraup  reaution. 
They  are  isomeric  with  acridiue  (p.  198). 

Antttia-qninoUne,  Ci,HisN,  ia  formed  in  an  analogous  manner  from 
anthramine  (p.  473).  It  crystaUisea  in  coloorless  plates  and  is  the 
mother  Bubatance  of  alizarin  blue  (p.  475). 


Quinoliiie-carboxylic  Adds. 

All  the  seven  mono-carboxylic  acids  of  qninoline,  which  are  possible 
according  to  theory,  are  known.  Qninoline- ben B-oarboxy lie  acids  are 
those  which  contain  the  carboxyl  group  in  the  benzene  nucleus. 

ClnehOBliile  add,  CeHgN(COjE),  which  results  from  the  oxidation  of 
cinchonlne  by  permanganate  of  potash  and  crystallises  in  needles  of 
prisms,  M.  Pt.  254°,  is  T-quinoline-carboxylic  acid,     li'rom  it  is  derived 

QniiUiilc  add,   CgH,N(0CH3l.C0jH,   which  ia   obtained  by  oridizlng 
qninine  with  chromic  acid  ;  it  forms  yellow  prisms,  M.  Ft.  280°. 

a-^-Quinollne-dlcsitKa^llc  add  or  acrid'mic  acid,  reaults  from  the 
oiidatiau  of  acridiue. 


iBO-qnlssllite,  an  isomer  of  quinoline,  occurs  along  with  the  latter  in. 
coal  tar  (B.  IB,  Ref.  3S4}.  It  ia  a  solid  ;  M.  Vt.  TO-ISf  ,"ft."¥^.'Wfo-t° - 
Sume  oxidation  coDFerte  it  into  cinohoinetonioBid4l,p.^-T^'3-'Si=*'^**>M'^* 
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acid)  on  the  one  hand  and  phthalic  acid  on  the  other,  it  possesses  the 

constitution  :   |        I       tIt*    ^^'  ^^  synthesis,  see  B.  19, 1653,  2354. 

Bases  related  to  quinoline,  which  contain  in  the  molecule  two  atoms 
of  N  instead  of  (CH)  and  N,  and  which  have  the  formula  CeH4(C2H2N2), 
have  recently  been  prepared  in  considerable  number,  either  themselves 
or  in  the  form  of  derivatives ;  among  these  are  the  Cinnoline-f  Quinazole- 
etc.  compounds  and  the  QuinoxcUines,  (B.  16,  677 ;  17,  319,  724 ;  19, 
1604 ;  20,  Ref.  630). 

Qninozaline  or  quinazine,  CeH4<^        •    ,  results  from  the  action  of 

glyoxal  upon  o-phenylamine-diamine.  In  a  similar  manner  o-diamines 
combine  with  aldehyde  acids,  di-ketones,  ketonic  acids,  etc.,  if  these 
latter  contain  two  neighbouring  CO-groups  (see,  e.g.  B.  18,  1228; 
also  under  phenazine,  p.  501).     Quinoxaline  is  a  chromogene. 


B.  The  Acridine  Group,  C^Ha^.iyN. 

Acridine,  CjgHgN  (Oraebe  and  Caro),  is  a  base  crystallizing 
in  colourless  needles  and  capable  of  being  sublimed,  which  is 
present  in  the  crude  anthracene  of  coal  tar,  and  also  in  crude 
diphenylamine.  It  is  characterized  by  an  intensely  irritating 
action  upon  the  epidermis  and  the  mucous  membrane,  and 
also  by  the  greenish-blue  fluorescence  shown  by  dilute  solutions 
of  its  salts. 

It  is  prepared  synthetically  by  heating  diphenylamine  and  formic 
acid,  or  formyl-diphenylamine,  (CeH5)2N.CHO,  with  zinc  chloride 
(Bemthsen,  A.  224,  1),  and  is  also  obtained  when  the  vapour  of 
o-tolyl-aniline  is  passed  through  a  red-hot  tube.  Oxidation  converts 
it  into  a-j9-quinoline-dicarboxylic  acid  (p.  497) ;  its  formation  and 
constitution  are  thus  shown  by  the  following  equation : 

CeHg^j^^CgHB    =    C6H4<C  j^  >CeH4  +  HgO. 

Formyl-diphenylamine.  Acridine. 

It  consequently  appears  as  an  anthracene  in  which  the  middle  group 
CH  is  replaced  by  N.     Acridine  is  a  tertiary  base. 

Methyl-  and  Butyl-acridines,  Phenyl-acrldlne,   CJR.<i-;    \>Q>MAf 

N 

and  Naphtho-acTidlxiea  l,i.e.  acxV^Va^.^  ^\i\Oft.  oiWvXaMCL  ^^^^  vaatead  of 
CgHJ,  have  all  been  prefaced  «^^;Xi^\.\ft«>Xi  va.  ^^  ^\isi^^^|jsv».  ^sasssa-v 
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IfetJiyl-acridine  ram  be  osidizi^d  indirectly  to  Acrldyl-aldehyda, 
CuHbN— CHO,  and  AcrWlne-oarHoiyllo  add,  C.slfaN— COjH  (B.  ao, 
]54I),      The  latter  oompoiiud  crystallizea  in  yellow  needles  and  ia  at 

B  tame  time  boHG  and  acid. 

The  Cluyatinllliie  or  pliaipkin  of  commerce,  a  beautiful  yellow  dye, 
ia    diamidn^pKeiiyl-acTiilint,    Cj„H,iN(  NHjjj,   since    it   yielJs    pbenyl- 

-idine  when  its  dtazo-uompuund  is  bailed  with  idcohoL 

AcridinB  is  therefore,  like  anthracene,  a  ehrDmogBne  (see  p.  24). 


0.  Alkaloidfl  of  tmknown  Constitution. 

Soma  of  the  alkaloids  which  occur  in  naturo  aro  free  from 
oxygen,  liquid,  and  volatile  without  decomposition ;  while 
rs  contain  oxygen,  ai'e  (usually)  solid  and  crystalline,  and 
*re  not  volatile  without  decomposition  (strychnine  volatilizes 
vacuum).  They  are  precipitated  by  certain  reagents  such 
,u  tannic  acid,  phospho-molybdic  a:cid,  platiuic  chloride,  the 
[double  iodide  of  mercury  and  potassium,  potassic  iodide,  etc. 
Many  of  them  give  intensive  colour  reactions  with  nitric  acid, 
Jorine  water,  concentrated  sulphuric  acid,  etc. 

(a)  Opium  bases. 

Opium  (Papaver  Bomniferum)  contains  : 

1.  Morphine,  CuHigNOg,  =  Ci,H,.,NO(OH)a,  a  monatomic 
^^■iid  tertiaTj  base.     It  crystallizes  in  small  prisms  {+  HjO)  of 

*litter  taste,  and  is  a  valuable  soporific. 

When  distilled  with  zinc  dust  it  yields  phenanthrene  in  addition  to 
pyrrol,  pyridine  and  quinoline,  and  it  is  also  convertible  int«  phenan- 
threne  darivativcB  in  another  way  (A.  aaa,  235).  Its  molecule  may 
therefore  contain  a  phenanthreno  ring  together  with  a  pyridine  ring 
made  up  of  the  remaining  three  carbon  and  one  nitrogen  atoms,  and  the 

D  neighbouring  carbon  atoms  of  the  phenantbrene. 

2.  OodetQB,  mfihj/t-morp!ane,  CigH^NOj,  can  be  prepared  by  methy- 
Uting  morphine. 

Theb^Ene,   CijHjiNOj;  4,  Papaverine,  CiH^iNOj;  5.  HarDrine, 

6.  Naiootine,   CjaH^jNO,,  cryelaVUzea  m  ^aiifli.?,  -^"c^s 


500  XXXIV.   QTHNOLINB  AND  ACRIDINE  GROUPS. 

It  is  decomposed  by  the  action  of  water  into  Meconine, 
CiqHiq04  (cf.  p.  430),  also  present  in  opium,  and  Cotarnine, 
C12H13NO3  (prisms,  +  HgO),  which  latter  is  convertible  by 
bromine  into  dibromo-pyridine. 


(b)  Cinchona  bases. 

Quinine  barks  (i.e.  the  Cinchona  varieties)  contain : 

1.  Quinine,  C20H24N2O2  +  3H2O,  a  diatomic  base  of  intensely 
bitter  taste  and  alkaline  reaction,  whose  sulphate  and  chloride 
are  universally  used  as  febrifuges.  It  crystallizes  in  prisms  or 
silky  glancing  needles;  M.  Pt.  177**.  The  quinine  salts  in 
dilute  solution  are  characterized  by  a  magnificent  blue  fluor- 
escence. 

As  a  base  quinine  is  a  tertiary  diamine,  but  it  contains  in  addition — 
as  its  reactions  show — a  hydroxyl  and  a  methoxyl,  and  seems  to  be  a 
derivative  of  a  partially  hydrogenized  di-quinoline,  corresponding  with 
the  formula  : 

CsHglOCHsJN— C9Hii(0H)N.  CH3. 

It  yields  quininic  acid,  C9H6N(OCH3)C02H  (p.  497),  upon  oxidation, 
and  methoxy-quinoline,  CgHgNlOCHg),  when  fused  with  potash.  (Cf. 
p.  496;  B.  14,  1852;  A.  204,  90.) 

When  quinine  is  warmed  with  hydrochloric  acid  to  140-150%  CHg 
is  separated  and  Apo-quinine,  C19H22N2O,  =  Ci9H2oN2(OH)2,  formed. 

2.  Cinchonine,  C19H22N2O,  =  Ci9H2iN2(OH),  is  derived  from  quinine 
by  the  exchange  of  (OCH3)  for  H.  It  forms  white  sublimable  prisms  or 
needles,  is  a  weaker  febrifuge  than  quinine,  and  yields  cinchoninic  acid 

upon  oxidation  and  quinoline  on  fusion  with  potash. 

3.  Conchinine,  C20H24N2O2,  and  4.  Cinchonidine,  C19H22N2O,  are 
isomeric  with  quinine  and  cinchonine  respectively,  and  milder  in  their 
action. 


(c)  Strychnine  bases, 

Strychnos  nux  vomica  and  certain  other  beans,  etc.  con- 
tain ; 

i.  Strychnine,  C<j^Ilci<i^.iO^,  ^\i^  ^.  "^Tx^^xs^a,  Cl^^H^^NgO^. 
The  former,  whicb.  is  ex^ea^VseV^  ^o\^^\iQv^^  ^x'^^n^ss^^ 
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spasms),  crystallizes  in  fouT-sided  prisms  and  yields  quinoline 
and  indole  when  fused  with  potash,  and  /?-picoliiie,  etc.,  when 
distilled  with  lime.  Brucine  (prisms)  is  converted  into  homo- 
~  igues  of  pyridine  on  fusion  with  potash. 

((^  Sohnine  bases,  see  Atropine,  p.  490. 

Among  other  alkaloids  may  be  mentioned : 
Teratrine,  CaH^NO,,  from  Veratnim  album, 

Slnaplne,  CigH^NOg,  ia  a.  derivative— not  of  pyridino— but  of  aholine 
1  the  OQS  liaod  und  of  gallic  acid  on  tbe  other, 
Bpart^ne,  CuHajNa  (in  Spartiom  Scoparium). 

Coou'ne,  Cj^HjiNO,,  is  the  active  constituent  of  the  cocar 
leaf  (Erythroxylon  Coca).  It  crystallines  in  colourless  prisms 
and  is  a.  powerful  anaesthetic.  Foi  its  constitution,  see  IS.  20, 
1121 J  81,  47. 

Hydrochloric  acid  breaks  it  up  into  beniraic  acid,  Et^ronine,  C^„NO, 
^triHmH),  and  methyl  alcohol,  and  it  may  be  conversely  reproduced  by 
beuKoatiag   ecgonine  and  then    methjlating   the    resulting   benzoyl* 


For  the  alkaloids  produced  by  the  decomposition  of  dead 
jodies,  which  are  termed  Ptomaines,  soo  p.  51G. 


D.  Phenazine  group  (the  Jzines). 

As  phenazine  or  aao-pheuylene  is  designated  a  compound, 
CjsHgNjj,  which  corresponds  to  anthracene  and  acridine  in 
constitution,  since  it  contains  two  benzene  residues  connected 
by  two  N-atoms  which  are  also  linked  to  one  another ;  tliua : 


\n/ 1  Nc,H,. 


This  compound  is  of  great  interest  because,  like  anthracene 
and  aci-idine,  it  possesses  the  chromogenic  character,  being 
converted  into  dyes  by  the  entrance  of  amviio-^oa^a. 

le  results  from  the  dUtlUatioa  oi  bftrium  awi-\K«a*»Sfci'^'tf«* 
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leading  the  vapour  of  aniline  through  red-hot  tubes,  and  by  the  oxida- 
tion of  its  hydro-compound  (see  below).  It  crystallizes  in  beautiful 
long  bright  yellow  needles,  M.  Pt.  171°,  which  can  be  readily  sub- 
limed, is  only  sparingly  soluble  in  alcohol  but  easily  in  ether,  and 
soluble  in  concentrated  sulphuric  acid  with  a  red  colour ;  the  alcoholic 
solution  yields  a  green  precipitate  on  the  addition  of  stannous  chloride. 
When  reduced  with  sulphide  of  ammonium  it  goes  into  a  colourless 

hydro-compound,  Hydro-phenasine,  C6H4<^jt2^C5H4  (readily  oxidiz- 

able  plates).  This  latter  is  also  formed  synthetically  by  heating  pyro- 
catechin  with  o-phenylene-diamine  (B.  19,  2206) : 

C6H4<]q2-  +  N^^^e^*    ~    QH;4<]j^-g.>CeH4  +  2H2O. 

Among  the  analogues  of  phenazine  is  Naphthasixie  (see  naphtho- 
acridine),  which  contains  two  naphthalene  residues  linked  together  by 

N,. 

When  one  amido-group  substitutes  in  such  *'  azines,"  there 
are  formed  the  Eurhodines  (B.  19,  441),  sublimable  dyes  of  a 
colour  varying  from  yellow  to  red ;  and  when  two  amido- 
groups,  the  dyes  of  the  toluylene  red  group. 


Toluylene  red, 

Toluylene  red,  C16H16N4  (  Witt).  When  2?-amido-dimethyl-aniline  is 
oxidized  in  the  cold  along  with  ?7i-toluylene-diamine,  the  beautiful  blue 
compound  Toluylene  blue,  an  indamine  (p.  356),  results,  which  gives  up 
hydrogen  and  goes  into  toluylene  red  when  boiled : 

/NH2 
(CH3)2N-C6H4/         +    /C«H3(CH3)(NH2) -h  O3 

Amido-dimethyl-aniline.  Toluylene-diamine. 

=   (CH3)2N-C6H3<|>C6H2(CH3)-NH2  +  3H2O. 

Toluylene  red. 

Other  similar  compounds  can  be  prepared  in  an  analogous  manner. 
The  simplest  toluylene  red,  which  results  from  p-phenylene-diamine  and 
7?^- toluylene -diamine  and  which   contains  NHg  in  place   of  N(CH3)2, 
yields  Methyl-phenazine,  C6'ft4V'5\^Ci^^VQ;^^,vj\v^rL  diazotized  ;  it  con- 
tains therefore  two  primary  am\^o-^to\r^^. 

Toluylene  red  is  used  on  tYve  teG\YVi\c^\  ^ci^\^  ^-a.  ^^^^>oXrt^x^: 


Y\ 
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pSu/ru  nines. 

The  Safraninee  are  related  to  toluylsne  red.  The;^  are 
produced  by  oxidizing  an  aqueoua  solution  of  a  luLxture  of 
the  sulphates  of  ^-phenylene -diamine  (1  mol.)  with  a  primary 
monamiiie  (1  mol.)  and  a  second  monamine  in  which  the 
_p-posltion  is  unoccupied  (1  mol.).  The  simplest  aafranine  is 
Plieiio-Bafranine,C,8Hi,N,Ci[froniCflH,<NH5)2-i-20„H6.NHsi], 
while  the  ordinary  aafraoine  of  commerce  consists  principally 
of  Tolu-safranine,  C^iH^^N,  [from  CsH3(CHa)(NH5)a  (1:2:4) 
and  2C„Hj(CH3)NHg].  See  B.  16,  472,  etc.  The  requisite 
mixture  of  mono-  and  diamines  is  attained  in  practical  working 
by  the  reduction  of  amido-azo-compounds  (see  p.  370). 

The  safranines  are  beautiful  crystalline  compounds  of  a 
metallic  green  glance,  readily  soluble  in  water,  which  dye 
yellowish-red  to  red.  The  solution  in  concentrated  Bulphuric 
acid  is  green,  becoming  blue,  violet,  and  finally  red  on  dilution 
with  water.  Reduction  gives  rise  to  leuco-compounds,  which 
are  probably  diamido-compounda  of  the  as  yet  unknown  sub- 
rtance  C8Hj<JJ,^  ^  j>C«H,  (B.  30,  2690,  3017,  3121,  etc.). 

Uauvelne,  CjiHanNjCl,  the  first  aniline  dye  which  waa  prepared  on 
the  teulmiciil  scale  (by  Perkin  in  185S,  from  crude  aniline,  bichromate 
of   potash    and   Bulphuric    acid),    is    possibly    phcnylated    asfranine, 

Hag'Oala  red,  C9oH3,NiCI,  is  the  safnuiine  of  the  oapbtbitlene  Mrlea. 

Appendix.    Dyes  of  unknown  ConBtitution. 

The  Indnllnea  and  KlgrOElnes  are  violet-blue  to  grey-blue  dyes  which 
mult  upon  heating  the  amido-azo-benzenei  with  the  aniline  hydro- 
chlorides, and  aulphiirating  the  product  fio  obtained.  They  are  derived 
from  VloJanlUne  or  azo.diphenyl  blae,  CjaHuNj : 

C^^N=N-C,H..NH,  -I-  C,H..NHj,  HCl  =  CisHuNa  +  MH^a, 
which  latter  compound  also  reaulta  (in  place  of  fucbsiiie)  from  the 
oxidation  of  chemically  pure  aniline,  (cf.  p.  351), 

Aniline  blaoli,  (Cj^K^Nj  ?},  obtained  by  acting  upon  auiline  with  (e.3.) 
KClOj  in  the  presence  of  copper  or  vauailium  BO.Ua,  w  wwia.'i'i  ^.T^A'ae^. 
direetly  upon  the  fibre  ;  it  is  a  dark  green  anwn^WviB  ^^issti^owJa*** 


604  XXXV.   TERPENES  AND  CAMPHORS. 

XXXV.  TERPENES  AND  CAMPHORS. 

The  terpenes  are  hydrocarbons  of  the  formula  CioHjg  [or 
(CgHg),],  which  are  nearly  related  to  cymene  (p.  331).  The 
camphors,  e.g.  common  Camphor,  CiQHjgO,  contain  oxygen  in 
addition,  but  are  closely  allied  to  the  terpenes.  Both  classes 
of  compounds  are  widely  distributed  in  nature. 

Ethereal  oUs.  Many  plants  contain,  especially  in  their  blossoms 
and  fruits,  oily  substances  to  which  they  owe  their  peculiar  fragrance 
or  odour,  and  which  can  be  obtained  from  them  e,g.  by  distillation  with 
steam.  These,  which  are  termed  ethereal  oils,  were  formerly  grouped 
together  in  a  special  class,  but  now  they  are  recognized  as  being 
more  or  less  heterogeneous;  .thus  oil  of  bitter  almonds  is  benzoic 
aldehyde,  and  Roman  oil  of  cumin  is  a  mixture  of  cymene  and 
cumic  aldehyde,  etc.  Many  of  these  ethereal  oils  contain  terpenes, 
t,g,  oil  of  thyme  consists  of  thymene  (a  terpene)  together  with  cymene 
and  cumene ;  in  fact  the  terpenes  are  often  their  chief  constituents,  as 
in  the  case  of  turpentine,  citron  and  orange  oils,  etc.  Many  oils 
deposit  solid  substances,  the  '*  stearoptenes,"  when  exposed  to  cold, 
the  liquid  portions  being  termed  "  Elseoptenes. "  The  camphor  varieties 
resemble  the  ethereal  oils  in  their  occurrence  and  modes  of  preparation, 
but  they  are  solid. 

A.  Terpenes. 

The  terpenes  are  nearly  related  to  cymene,  C^qHi^  ;  thus  oil 
of  turpentine  goes  directly  into  cymene  when  heated  with 
iodine.  They  yield  terephthalic  acid,  Q>^^{QO^)^y  upon 
oxidation,  and  are  therefore  to  be  regarded  as  di-hydrides  of 
cymene,  CioH^^.Hg  (see  p.  331). 

A  peculiar  reaction  of  the  terpenes  consists  in  their  capacity  for  com- 
bining with  hydrochloric  acid  to  form  either  mono- hydrochlorides, 
C10H17CI  (in  the  case  of  the  pincnes  or  camphenes),  or  di-hydrochlorides, 
C10H13CI2;  the  same  applies  to  hydrobromic  and  hydriodic  acids. 
They  also  unite  with  bromine,  often  to  characteristic  tetrabromides, 
CioHigBr4,  and  also  in  part  with  water  (see  terpin  hydrate),  and  with 
nitrogen  trioxide.  The  combination  with  halogen  hydride  is  readily 
effected  in  an  acetic  acid  solution  saturated  with  the  gas,  and  that  with 
bromine  by  using  warm  acetic  e^j\veT  ^«.  \Xvei  dvluent.     When  the  solution 

0/  the  halogen  hydride  add\t\oiv^To^\)LG\.\«.V^v>.\.^^^\Vikv^'2>^\»ss^ 

the  halogen  acid  is  split  oS. 
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The  terpenea  polymeitre  reailily  am!  ahow  groat  mcliniilaon  lo  change 

I  into  iaomera  under  certain  conditions.     Their  snlution  in  acetic  tuihyJ- 

[  ride  givHB  a  yellow,  red,  or  blue  colour  reaction  with  coQceotrated 

I  anlpharic  acid.    The  beliavionr  of  the  terpenes  with  regard  to  polarized 

L  ligbt  ia  very  interesting.     They  are  almost  all  optically  active,  and  moat 

K  ef  them  exist  both  iu  dextro-  and  in  lie vo -rotatory  modifications.     While 

□  appreciable  alteration  (with  the  exception  of  the  resulting  optical 

inactivity)  is  apparent  upon  mixing  cq^uivalent  amonuta  of  dextro-  and 

Isevo-pinenes  or  of  dextro-  and  lievo-campheoes,  there  reanlta,  oddly 

enoDgh,   when  dextro-  and  Ixvo-limonene  are  mixed  together,  a  di- 

pentene  which  diEera  materially  from  these  in  (higher)  boiling  point,  iu 

melting  point,  and  in  the  lesser  solubility  of  its  derivatives  {e.g.  tetra- 

bromide,  see  table) ;  it  was  consequently  formerly  looked  npon  aa  an 

"ndividaal  terpene,  viz.,  dipentene. 

The  terpeoea  are  widely  diatributed  in  the  vegetable  king- 
f  dom,  eapecially  in  the  uoniferai  (Pinna,  Picea,  Abies,  etc,),  in 
I  the  varietiea  of  Citrus,  etc.  The  prodncta  which  are  isolated 
in  the  firat  instance  from  the  individual  plants,  and  which 
according  to  their  aource  are  designated  terpene,  citrene 
(from  oil  of  citron),  heaperidene  {from  oil  of  orange),  thymene 
(from  thyme),  carvene  (from  oil  of  cumin),  eucalyptcne, 
olibene,  etc.,  have  for  the  most  part  the  formula  Cj^Hjg  and 
approximately  equal  boiling  points  (160-190°) ;  they  are  not, 
however,  chemical  individuals  but  mixtures  of  isomeric  com- 
pounds. 

The  terpenes,  whieh  up  to  now  have  been  prepared  pure, 
differ  from  one  another  not  only  in  boihng  point  but  also  in 
the  fact  that  some  of  them  yield  liquid  and  others  solid 
hromine  addition  products  (in  the  latter  case  with  4  Br-atoma) 
of  definite  melting  point ;  further,  in  that  some  of  them  are 
only  capable  of  combining  with  one  but  others  with  two  mole- 
cules of  hydrochloric  acid  to  liquid  or  solid  hydrochlorides ; 
lastly,  in  that  only  some  of  them  yield  crystalline  compounds 
(nitrites)  with  N2O3  (0.  Wallach,  A.  227,  277 ;  230,  225  ^  239. 
1;  246,  221,  etc.). 
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Summary, 


M.Ft. 

B.  Pt. 

Bromides, 
M.  Pt. 

Hydrochlorides, 
M.  Pt. 

Nitrites, 
M.  Pt. 

1.  Pinene    .     . 

2.  Camphene  . 

Liq. 
49" 

159-160" 
160-161" 

Liq. 
Liq. 

+  HCl :  125" 
„      :  decomp. 

— 

3.  Dipentene   . 
3'.  ±Limonene 

4.  Sylvestrene 

5.  Terpinolene 

Liq. 

99 
f> 
»> 

180-182" 

175" 
175-178" 
185-190" 

Br4 :  125" 
99    104" 
99    135" 
,9    116" 

}+2HCl:50" 

„       :  72" 
[    9,       :50T 

— 

6.  Terpinene    . 

7.  Phellandrene 

99 
99 

180" 
about 170" 

— 

— 

165" 
94" 

As  is  seen  from  the  above  table,  different  isomers  yield  the  same 
dipentene  hydrochloride  (M.  Pt.  50°)  on  combination  with  2HC1,  which 
would  indicate  that  they  contain  the  same  carbon  chain  (see  p.  511). 

In  addition  to  the  "Terpenes  proper,"  CjoHu,  we  have  Hemiterpenes, 
CgHg  (see  Isoprene),  which  polymerize  to  terpenes  (dipentene),  and  Poly- 
terpenes,  (CsHa),,  e.g.  Cedrene,  Cubebene,  C15H24  (B.  Pt.  250-260"), 
Colophene,  C20H32  (B.  Pt.  above  300"),  and  Caoutclioac,  (CioHi6)x. 


1.  Pinene,  C^QHig,  is  the  chief  constituent  of  German  and 
American  oil  of  turpentine,  oil  of  juniper,  of  eucalyptus,  of 
sage,  etc.  It  forms,  together  with  sylvestrene  and  dipentene, 
Russian  and  Swedish  turpentine  oil. 

Oil  of  turpentine  is  obtained  by  distilling  turpentine,  the 
resin  of  pines,  with  steam,  colophonium  (fiddle  resin)  remain- 
ing behind.  It  is  a  colourless  strongly  refracting  liquid  of 
characteristic  odour,  almost  insoluble  in  water  but  readily 
soluble  in  alcohol  and  ether.  It  dissolves  resins  and 
caoutchouc  (being  tkeTe^Te  us*^^  lot  N(ki^  ^^^^^lixation  of  oil 

♦  Identical  mt\i  eLV^eiv\.«\i^  (SSsi^eLxwSi^Qiv^^. 
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I  paints,  lakes,  etc.),  also  sulphur,  phosphorus,  etc.     It  absorbs 

I  oxygeu  irom  the  air  with  the  formation  of  ozone  and  pro- 

I  duction  of  resin,  minute  quantities  of  formic  acid,  cymene,  etc. 

being  formed  at  the  same  time.     Dilute  nitric  acid  either  gives 

riee  to  terephthalic  acid  in  addition  to  fatty  acids,  or — under 

other  conditions — to  terpenylic  acid,  CjHjgO^  {which  belongs 

to  the  fatty  series),  etc.     Heating  witli  iodine  transforms  it 

i  into   cymene,    the   action   being   violent,    and    heating   with 

hydriodic  acid  into  the  compounds  CjuH,a  and  C^gHjd. 

Oil  of  tarpeotine  sliowa  physical  differencea,  according  to  the  Bonrce 
from  which  it  la  derived,  the  German,  French  and  Venetian  oils  being 
Itevo-  and  the  Auatriilian  dextro-rotatory.  These  differences  depend 
tipan  the  existence  of  buvo-  and  dextro-pinenes,  etc.  (cf.  the  tartaric 
aoidfl).     B.  Pt.  158-161°;  Sp.  Gr.  0'86-0-8S. 

Pinene  hydrochloride,  Cj(|Hj,Cl  (see  table,  p.  506)  is  a  solid 
white  crystalline  mass  with  a  camphor-like  odour,  whence  its 
name  of  "  artificial  camphor,"  insoluble  in  water  but  readily 
soluble  in  alcohol.  If  its  hydrochloric  acid  is  separated  by 
weak  alkali,  e.g.  by  heating  it  with  soap,  camphene  is  obtained 
(see  below). 

Further  addition  of  HCl  does  not  lead  to  a  di -hydrochloride  of 
plnene  bat  bD  an  isomer,  dipentene-dihydrochloride.  From  this  it  may 
I'be  conclnded  that  pinene  has  only  one  double  bond  in  the  moleoule, 
I  and  the  same  applies  to  eampheno. 

2.  Campheiie,  Cj^Hj^,  of  which  there  are  two  modifications, 
dextro-  and  lievo-,  is  a  solid  terpene.  It  is  obtained  by 
heating  pineno  mono-hydrochloride  with  alcoholic  potash  or 
vith  dry  soap,  and  is  more  stable  than  pinene. 

It  also  results  in  an  analogous  manner  from  Bomyl  chloride,  CjgH^Cl 
(see  Borneo  camphor).  It  has  an  odour  like  that  of  oil  of  turpentine 
and  camphor,  and  is  oxidized  to  camphor  by  chromic  aoid  mixture. 
With  bromine  it  does  not  yield  a  tetrabroniide  but  a  mono-substitntioD 
product,  and  it  uombinea  with  only  one  molecalc  of  hydrochloric  acid, 

3.  Dipentene,  dnene,  inactive  limimene,  is  found  (e.g.)  together 
with  cineol  in  Oleum  Cinae,  and  is  prepared  by  heating 
pinene,  camphene,  sylvestrene  or  limonene  to  250-270"  for 
Bevera)  hours,  and  also  by  the  abatraclioT^  o^  'L'&.CX.  i^ftTa,  "■*» 

dj-bydrodiiotide  (which  ia  fonneA  ttom  •SM\.aQ&  \^^wsns»  NmJ 


508  XXXV.   TERPENES  AND  CAMPHORS. 

the  addition  of  2HC1).  It  is  further  produced  from  pinene 
under  the  influence  of  dilute  alcoholic  sulphuric  acid,  from 
terpin  hydrate  by  the  separation  of  water,  by  the  polymeriza- 
tion of  isoprene,  and,  together  with  the  latter  substance,  on 
distilling  caoutchouc.  It  has  a  pleasant  odour  like  that  of  oil 
of  citron,  and  is  more  stable  than  pinene  or  dextro-limonene, 
although  it  can  still  be  inverted  to  terpinene  by  alcoholic 
sulphuric  acid.  Its  tetra-bromide  results  from  the  combina- 
tion of  the  tetrabromides  of  dextro-  and  laevo-limonene. 

Dipentene  di-hydrochloride,  CioHi8Cl2»  crystallizes  in 
rhombic  tables,  M.  Pt.  50*,  and  is  very  readily  soluble  in  hot 
alcohol.     Its  formation  has  already  been  given. 

Terpin  hydrate,  CioHgoOa  +  HgO,  =  CioHi8(OH)2,  is  formed  when 
the  solution  of  di-pentene  di-hydrochloride  in  aqueous  alcohol  is  allowed 
to  stand,  and  also  from  pinene  and  water  under  the  influence  of  certain 
acids.  It  crystallizes  in  large  rhomhic  colourless  crystals,  M.  Pt.  117% 
which  lose  their  water  at  100".  The  compound  thus  formed,  Texpin, 
CioHi8(OH)2  (needles,  M.  Pt.  105°),  possesses  the  character  of  glycol 
and  yields  the  above  dichloride  again  with  hydrochloric  acid.  By  the 
separation  of  HgO  it  goes  into  Terpineol,  CioHi7(OH),  an  unsaturated 
monatomic  alcohol  which  is  transformed  by  bromine  into  dipentene 
tetrabromide.  Further  elimination  of  HgO  from  terpineol  (by  boiling 
it  with  dilute  acids)  gives  rise  to  dipentene,  terpinene,  or  terpinolene  as 
the  principal  product,  according  to  the  conditions  of  the  experiment. 

3a.  Limonene,  hesperidene,  citrene,  or  caTrvene.  The  oil  of  the  orange 
rind  consists  almost  entirely  of  dextro-limonene,  which  closely  resembles 
pinene,  but  differs  sharply  from  the  latter  in  its  tetrabromide  (see  table, 
p.  506).  Dextro-limonene  is  likewise  the  chief  constituent  of  carvene, 
oil  of  dill,  oil  of  erigeron,  etc.  ;  together  with  pinene  it  forms  oil  of 
citron.  Laevo-limonene  is  present  together  with  laevo- pinene  in  the  oil 
of  fir  cones.  The  -f  and  -  tetrabromides  are  identical,  except  that 
their  crystals  are  the  mirror  images  of  one  another.  Dextro-limonene 
is  very  easily  rendered  inactive. 

4.  Silvestrene,  B.  Pt.  173-175°,  is  the  (dextro-rotatory)  chief  constituent 
of  Swedish  and  Russian  oil  of  turpentine.  Its  Dl-hydrocMoride  is 
isomeric  with  dipentene  di-hydrochloride  and  is  dextro-rotatory.  Sylves- 
trene  is  one  of  the  most  stable  of  the  terpenes.  It  gives  a  magnificent 
blue  colour  reaction  with  acetic  anhydride  and  concentrated  sulphuric 
acid. 

5.  Terpinolene,  which  is  ver^  Wk^  ^v^erAi^ue,  and  : 

6.  Terpinene  both  result  Irom  \X\^  ''\^cyav^\^\Kft\0^   ^\  ^\ss&\Nfc  (^ 
terpin  hydrate).     Terpinene  and  aXao  •. 
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7.  PhBlIandreiiG,  which  occurs  as  Jtxtro-phoIIandrene  in  wat^r 
ropwort    (PhellaDdrium     acjuatiGUra)    and    as    Iievo-pliBllunJicno    in 

eiiualyptus  oil,  yield — in  contradistinotion  to  the  above  terpeaeB— 
compouuda  with  nitrons  acid.  Phellnudreue  is  among  the  most  eagil; 
altered  of  the  terpenes ;  it  is  radically  changed  by  contact  with  ocidB 
and  readily  converted  into  dipentone. 

8,  Caontchoao,  (Cj^H,,;),,  ia  the  hardened  milky  juice  of  tlie 
tropical  euphorliiaceae,  apocyneae,  etc.,  especially  Siphoiiia 
(ficua)  elastica,  which  growa  in  Brazil,  etc  It  can  he  obtained 
pure,  in  the  form  of  a  white  amorphous  maaa,  by  dissolving  the 
crude  material  in  chloroform  and  precipitating  with  alcohol. 
For  its  behaviour  on  distillation,  aee  dipentena  It  ahaorba 
oxygen  from  the  air  and  ia  converted  into  vulcanite  on  treat- 
ment with  sulphur. 

Guttapercha  (from  Isonandra  Gutta,  which  grows  in  India) 
is  related  to  camphor. 

Homologues  of  the  terpenes  have  also  been  prepared.  For 
their  constitution,  see  under  camphor. 


B.  Camphors. 

The  most  important  variety  of  camphor  is : 
1.  Common  or  Japan  Camphor,  CioHigO,  which  is  found 
in  the  camphor  tree  (Laurua  Camphora)  and  can  be  obtained 
from  the  latter  by  distillation  with  steam.  It  forms  colourless 
transparent  and  readily  subiimable  glancing  prisma  of  chara- 
teristic  odour ;  M.  Pt.  175°,  B.  Pt.  204°,  Sp.  Gr.  0-985.  It  is 
dextro-rotatory  in  alcoholic  solution,  the  amount  of  rotation 
varying  with  the  source  of  the  camphor.  When  distilled  with 
phosphoric  anhydride  it  goes  into  cymene,  zinc  chloride  having 
the  same  eSect,  though  in  the  latter  case  the  reaction  is  less 
simple  : 

C^Hi^O   =  Ci,H,^  -I-  H,0. 

Heated  with  iodine  it  yields  carvacrol,  i.e.  osy-cymene  (p.  .388),  just 
as  oil  of  turpentine  yieliis  cymene.      Nitric  acid  oxidizes  it  to  the 
dibjiflio    CampboTlc  add,    ('jH,4(C0i'H')i  l,i?\i\iAv   a(i\nw«\iiA  tesjmSiJuss. 
I     phtbalic  acid),  and  tien  to  OamptiOTDnle  aJAA,  C^i^Uv  *'w.    CiwaiiSiisi^ 
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reacts  with  hydroxylamine  to  produce  Camphor-ozime,  CioH]e(NOH), 
and  therefore  in  all  likelihood  contains  a  carbonyl  group.  The  oxime 
can  give  up  water  and  thus  go  into  the  Cyanide,  C9Hi5.C!N,  which 
yields  Campholenlc  add,  CgHiB.C02H,  on  saponification,  and  Campbyl- 
amine,  CgHi5(CH2.NH2),  on  redaction. 

For  the  constUution  of  camphor  see  B.  21,  1125. 
Camphor  may  be  prepared  artificially  by  oxidizing  camphene 
(p.  507). 

Two  DichlorideB,  CiQ^ifii^t  result  upon  treating  camphor  with 
phosphorus  pentachloride.  Obloro-,  Bromo-,  Nitre-  and  Amido-campborB 
are  also  known ;  likewise  {e.g.)  Ethyl-camplior. 

Absynthol  is  an  isomer  of  camphor,  and  Caxyophyllln,  GsoHs^Os,  a 
polymer. 

2.  Borneol  or  Borneo  Camphor,  C^oHigO,  occurs  in  nature 
(in  Dryobalanops  Camphora),  and  is  produced  by  the  action 
of  nascent  hydrogen  upon  Japan  camphor : 

It  is  very  like  the  latter,  but  has  at  the  same  time  an  odour 
of  pepper.  It  crystallizes  in  hexagonal  plates,  M.  Pt.  198", 
B.  Pt.  212°.  Oxidation  converts  it  in  the  first  instance  into 
camphor. 

Borneol  possesses  the  character  of  a  secondary  alcohol,  yielding  com- 
pouud  ethers,  etc.,  and  giving  with  PClg  Bomyl  chloride,  C10H17CI  (M. 
Pt.  148°),  isomeric  with  pinene  hydrochloride ;  bornyl  chloride  goes  into 
camphene  when  warmed  with  alkalies.  Borneol  comports  itself  as  a 
saturated  compound,  but  at  the  same  time  it  forms  unstable  addition 
products  with  bromine  and  halogen  hydride. 

Cineol,  the  chief  constituent  of  01.  cinae,  and  which  is  frequently 
found  accompanying  the  terpenes,  is  isomeric  with  borneol ;  M.  Pt.  -  T, 
B.  Pt.  176".  It  likewise  yields  an  unstable  HCl-compound  and  readily 
goes  into  dipentene.  Its  chemical  behaviour  seems  to  point  to  its 
being  constituted  similarly  to  ethylene  oxide. 

Terpineol  (from  terpin  hydrate,  and  present  in  certain  ethereal  oils), 
is  also  isomeric  with  borneol  and  is  nearly  related  to  dipentene;  it 
results,  together  with  cineol,  from  terpin  hydrate,  as  given  at  p.  508. 

3.  Mint-camphor,  menthol^  C^oHgoO,  is  the  principal  con- 
stituent of  oil   of  peppermint   (Mentha  piperita).     It  is  a 
monatomic  alco\io\  and.  ioims  a  crystalline  mass;   M*  Pt 
42^B.  Pt.  213% 


( 


RESIMS. 

OoH'lifviion  qfthe  terpenu  and  camphorg,  Tho  cIqbb  rcktion  of  the 
terpenee  and  camphors  to  cymene,  ami  tfaeir  convertibility  iut«  tere- 
phthulic  anitl  show  that  they  are  lierivativea  oE  cymene  ;  they  therefors 
contain  a  hydrogenized  baniene  nuuleus  in  which  the  gronps  CHj  and 
C,H,  are  in  the  para-poaition  to  one  another. 

The  terponea  appear  to  be  diliydro-cymenes.  The  iaomeriiini  among 
them  may  depend  npon  the  point  at  which  a  double  (or  dingooal  T)  bond 
IB  diaBolved,  bo  that  one  and  the  aame  pinone  di -hydrochloride  (dichloro- 
hexa-hydro- cymene)  may  resnlt  from  varioiu  isomeridoB  npon  the 
addition  of  2HC1.  (Cf.  A.  330,  225).  Finene  and  camphene  contain 
perhaps  one  double  and  one  diagonal  bond,  terpineol  a  double  bond 
(oo  diagonal  one),  dipentene,  aylveetrene  and  terpLnolene  two  double 
bonds  in  the  benzene  nuclenB,  and  teipinene  and  phellandreiie  perhaps 
one  such  in  the  side  chain  (cf.  Wallai:h,  loo.  cit.  ;  Qoldtchmidt,  B.  IB, 
1733;  Briild,  B.  21,  145,  457). 

Borneo  camphor,  CioHjgO,  accms  from  its  alcoholic  character  to  be 
an  oxy-tetrahydro- cymene  (containing  the  group  =  CH.OH) ;  and 
Japan  camphor,  CioHjjO,  to  he  the  corresponding  ketone  with  two 
atoms  o£  hydrogen  lesa,  i.e.  a  lioto-totrohydro-cymeno,  its  behaviour 
with  hydrosylaroine  being  in  accordance  with  this  view.  Lastly, 
menthol  ia  possibly  an  oxy-hexahydro- cymene. 


XXXVI.  RESINS;  GLUOOSIDES;  VEaETABLE 
SUBSTANCES 

(of  unknown  constitution). 

A.  ResiDS. 

Many  organic  compounds,  the  terpenes  in  particular,  possess 
I  the  property  of  becoming  "  resinified  "  by  oxidation  in  the  air 
t  or  under  the  influence  of  chemical  reagents,  i.e.  of  being 
I  converted  into  substances  very  similar  to  the  resins  which 
I  occur  in  nature.  These  natural  resins  are  solid,  amorphous, 
I  and  generally  vitreous  brittle  masses  of  conchoidal  fracture, 
insoluble  in  water  and  acids,  but  soluble  in  alcohol,  ether  and 
i  oil  of  turpentine.  They  are  found  naturally  in  abundance, 
I  partly  also  as  balsams,  i.e.  dissolved  in  terpenes  or  ethereal 
oila,  from  which  tbey  can  be  separatod  by  distiUing  with 
u  The  resins  dissolve  in  BLWaWea  to  Wva  t 
I  -of  the  nature  of  soap  (resin  Boaps"),  \>6mg,  %^[^ia^  ^^w 
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from  the  aqueous  solutions  of  these  on  the  addition  of  acids ; 
most  resins  must  therefore  consist  of  a  mixture  of  somewhat 
complicated  acids  (the  soH^alled  resin-acids). 

Abietic  acid  (04^115^04?)  is  an  individual  acid  which  has 
been  isolated  from  colophonium  (the  residue  from  the  distilla- 
tion of  turpentine,  see  below) ;  it  crystallizes  in  small  plates, 
M.  Pt.  165°,  and  is  soluble  in  hot  alcohol.  Pimaric  acid, 
C20H3QO2,  has  been  prepared  (e.g,)  from  galipot  resin  (Pinus 
maritima)  in  a  similar  way;  M.  Pt.  148"*.  It  closely  resembles 
abietic  acid,  is  crystalline  and  forms  crystalline  derivatives, 
and  exists  in  two  modifications,  dextro-  and  Isevo-pimaric 
acids. 

The  resins  show  their  relation  to  the  aromatic  compounds  by  being 
converted  into  hydrocarbons  of  the  benzene  or  naphthalene  series  when 
distilled  with  zinc  dust,  and  by  the  formation  (e.^.)  of  dioxy-  and  trioxy- 
benzenes  when  they  are  fused  with  potash. 

In  addition  to  Colophonium,  there  may  be  mentioned 
among  other  resins  Shellac  (from  East  Indian  Ficus  varieties), 
and  Amber,  a  fossil  resin  which  contains  succinic  acid  in 
addition  to  resin-acids  and  a  volatile  oil. 

The  resins  are  largely  used  for  the  manufacture  of  lacs, 
varnishes,  etc. 


B.  Glucosides. 

(Cf.  O.  Jacohsen^s  "Die  Glucoside,"  Breslau,  Trewendt,) 

As  glucosides  are  designated  a  series  of  vegetable  substances 
which  are  so  broken  up  by  alkalies,  acids,  or  ferments,  that 
one  of  the  products  of  this  decomposition  is  a  glucose,  usually 
grape  sugar.  They  are  thus  ethereal  derivatives  of  the  sugar 
varieties  in  question.  Some  of  them  have  been  mentioned 
already. 

Amygdalin,  C20H27NO11  (p.  398),  is  found  in  bitter  almonds, 

in  the  leaves  of  the  cheTty  Uurel,  in  the  kernels  of  the  peach,     I 

cherry  and  other  amyg^daXac^^^.    1\)  ^x^^\.^\'l^^  \\s.  ^jAlourless     I 

prisms,  M.  Pt.  200%  is  iea^^\y  «,o\\3\i\^m\^^\.^-^,m^\s^^'^^^  \ 
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into  oil  of  bitter  almonds,  dextrose  and  hydrocyanic  acid  under 
the  influence  of  emulain  (p.  294),  or  when  saponifiod. 

Among  others  there  may  bo  mentioned  ; 

Ballcln,  CisH,gO^  found  in  vacieties  of  Salii,  wbich  breaha  np  into 
I  aaJigeniii  (o-oiy-beDzyl  Edcohol)  and  dextrose  ;  Hsliciii,  Ci^HigO,  +  H,0, 
I  which  results  from  tho  action  of  N^O^  upon  salioiu  and  ia  ddoompoaable 
I  Into  salicylic  aldehyde  and  glucose,  from  which  it  con  again  be  obtained 
I  ^mthatically ;  Popnlin  or  hensoyl-saligenin,  CioHjjOa  (in  varieties  of 
^'^pulus),  which  can  he  prepared  artificially  from  benzoyl  chloride  aod 
f  aaliciii. 

Arbatln,  CijHiaOj,  and  Metliyl-arlmtlii,  Ci,H,s07,  present  in  the 
leaTOB  of  the  hear  berry,  etc,  break  up  toto  doitroee  and  hydroquinone 
IT  methyl-hydroquinone  respectively. 

HMperldln,  C^H^Oj],  which  ia  contained  in  unripe  orangeB,  etc., 
can  he  decomposed  into  dextrose,  iso-ferulic  acid  (isomeric  with  fernlic 
acid,  p.  427),  and  phlnroglncin, 

PUOTidiln,  Ci,E„OjQ  (fine  prisms),  found  in  the  bark  of  fruit  trees, 
can  be  split  up  into  grape  sugar  and  Fhloretill,  Cj^Hj^O,,  and  this  latter 
— in  its  turn — into  pbloretic  acid  and  phloroglucin  (p.  391). 

AMtmlln,  CjgEjgOg  (prisms),  present  in  the  bark  of  the  horse  chestnut, 
ia  decompoeed  by  acids  into  grape  sugar  and  Aesculetin  (dioxy-cnmariit, 
p.  428),  CaHiaO,. 

Saponin,  CjsH^Oib  (in  the  soapwort), 

Qaerdtrln,  CjuHjjOjo,  found  in  Quercus  tinctoria,  ehostnut  blogsoms, 
etc.  ;  yellow  needles. 

Ctmiarin,  UuHjjOb  +  2HsO  (in  tho  cambium  asp  of  the  coniferae), 
breaks  up  into  glucose  and  coniferyl  alcohcl,  and  serves  for  the  pre- 
paration of  vanillin,  which  results  from  it  upon  oxidation  (p.  40t). 

Hyronlo  acid,  C,gHj,0,i,N^,  ia  present  aa  potassium  salt, 
CioHisKOioNSa  (glancing  needtos),  in  black  mustard  seed.  It  is 
broken  up  into  grape  sugar,  potassium  bisulphate  and  allyl  iso- 
thiooyanate   by  baryta  water    or   by  the    ferment   Myroaiu,   which 

Rubeiythric  add  ;  see  p.  474. 

For  mjnthflitfd  glycosides,  see  B.  IB,  IflGO,  3481. 


0-  Vegetable  substances  of  unknown  Constitution. 

Aloln,  CjpHijO,  (in  the  aloe  plant),  cryalaUiTea  m  6tib  Tiftaa-w,  iv,Ws 
a  powerful  parga^vs ;  it  ia  a  derivative  ot  ajitlitaEeiie. 
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Cantliarldln,  CiffL^sO^  (in  Spanish  fly),  forms  snblimable  plates; 
it  blisters  the  skin. 

Plcrotozin,  O30H34O13  (in  the  seeds  of  Gocoulns  indicus). 

Santonin,  CuHigOs  (in  worm  seed),  is  derived  from  naphthalene  (B. 
16,  2686). 

Among  natural  dyes  of  unknown  constitution  we  have  : 

Brasllin,  OigHi405,  the  red  dye  of  Brazil  and  Fernambuco  woods.  In 
the  free  state  it  crystallizes  in  colourless  glancing  needles. 

Curcondn,  C14H14O4  ?,  the  yellow  dye  of  the  turmeric  root,  is  turned 
brownish-red  by  alkalies,  for  which  it  forms  a  delicate  test. 

HsBmatozyUn,  G18H24O8,  is  the  colouring  matter  of  logwood  (HsBma- 
toxylon  Campechianum).  It  forms  yellowish  prisms,  which  dissolve  in 
alkalies  with  a  violet-blue  colour. 

Carminic  add,  C^7HigOio>  the  active  principle  of  cochineal  (Coccus 
Cacti),  is  a  red  amorphous  mass  which  is  split  up  by  acids  into  a  sugar 
(not  glucose)  and  Carmine  red,  CUH12O7,  the  latter  forming  a  purple-red 
mass  with  a  green  reflection;  bromine  converts  carminic  acid  into  a 
dibromo-derivative  of  a  methylated  and  hydroxylated  phthalic  add 
(B.  18,  3180). 

Harmin,  C^jHisNaO,  and  Harmalin,  Ci^E^^^fi,  are  the  colouring 
matters  of  Peganum  Harmala  (B.  18,  400). 

Chlorophyll  or  leaf  green,  is  the  green  colouring  matter  of  plants,  and 
contains  iron  in  its  molecule.      Together  with  starch,  wax,  etc.,  it     < 
forms  the  chlorophyll  granules  of  the  cells,  but,  notwithstanding  that 
it  has  been  the  subject  of  numerous  investigations,  its  nature  is  not  yet 
accurately  known. 

Litmus  is  a  blue  dye  obtained  from  Roccella  tinctoria  and  other 
lichens  ;  it  is  related  to  orcein  (p.  390),  and  is  turned  red  by  acids,  the 
blue  colour  being  restored  by  alkalies.  Hence  it  is  much  used  as  an 
indicator  in  alkalimetry.  1 


XXXVII.  ALBUMINOUS  SUBSTANCES; 
ANIMAL  CHEMISTRY. 

An  extended  description  of  the  substances  (other  than  those 

already  mentioned)  which  are  found  in  the  animal  organism  and 

which  are  therefore  of  importance  for  physiological  chemistry, 

will  not  be  attempted  \veTei,  svao,^  \Xi^^  ^^^  for  the  most  part 

better  known  from  a  p\vy8.\o\o^\^^  >;Xi^\^.lxQ^ca.  ^^^\s^^J^^ 
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of  view.  Only  the  albumena  and  albuminoids,  both  of  which 
are  classed  as  proteids,  and  Bomo  of  the  aubstancea  which  are 
prodnced  during  metabolic  processes,  will  be  treated  ot 

A.  Albumens. 

The  albumens  make  up  the  chief  part  of  the  organism,  being 
present  partly  in  the  soluble  and  partly  in  the  solid  state; 
they  are  found  in  all  the  nutritive  fluids  of  the  body.  In 
solution  they  are  opalescent,  optically  ( - )  active,  and  do  not 
diffuae  through  parchment  paper,  i.e.  are  colloids;  but  they 
are  thrown  down  when  the  aolution  ia  warmed,  or  upon  the 
addition  of  atrong  mineral  acids,  of  many  metallic  salts  [e.ff. 
copper  sulphate,  basic  lead  acetate  and  mercuric  chloride],  of 
alcohol,  tannic  acid,  acetic  acid  together  with  a  little  potassium 
ferrocyanide,  etc.  When  boiled :  {a)  with  nitric  acid,  they  are 
coloured  yellow  (the  xantho-protein  reaction) ;  (6)  with  a  solu- 
tion of  mercuric  nitrate  containing  N^Og  (MUlim's  Teagent),  red; 
(c)  with  caustic  soda  solution  and  a  very  little  cupric  sulphate, 
violet  The  albumens  combine  both  with  acids  and  alkalies  to 
acid-  and  alkali-albuminatea  (see  below). 

The  different  albumens  vary  only  slightly  among  themaelves 
in  percentage  composition ;  they  contain  : 

C  =  52.7to54.5p.c.;H  =  6.9  to  7.3  p.c;  N  =  16.4  to  16.5  p.c.j 
0  =  20.9  to  23.5  p,c.;  and  S  =  0.8  to  2.0  p.c. 

Since  they  have  not  yet  been  obtained  pure,  it  is  impossible 
to  give  a  formula  for  them,  even  for  the  crystalline  albumen 
which  occurs  in  hemp,  castor  oil,  and  pumpkin  seeds  (see  B. 
15,  953). 

The  fact  that  albumen  contains  atdphur  is  worthy  of  note, 
though  the  mode  in  wiiich  it  ia  combined  in  the  molecule  ia 
unknown ;  warming  with  a  dilute  alkaline  solution  ia  sufficient 
to  eliminate  it  partially,  e.g.  when  white  of  egg  is  boiled  with 
an  alkaline  sohition  of  lead  oxide,  sulphide  of  lead  is  separated 
(the  test  for  sulphur  in  albumen). 

ConsHlution.     T\i&  way  in  whicli  aAVtuiaiaii  la  s^\'t  \K5\>i 


616  XXXVII.  ALBUMINOUS  SUBSTANC5ES  j  ANIMAL  CHEMISTRY. 

(especially  in  presence  of  stannous  chloride),  or  by  baryta 
water,  gives  some  indication  of  its  constitution.  Here,  in 
addition  to  ammonia  and  carbonic  acid,  amido-acids  are  the 
principal  products,  and  these  belong  not  only  to  the  fatty 
series  [e.g.  glycocoll,  leucine,  aspartic  acid,  glutamic  acid  and 
"leucein,"  (C^H^NOa),  (B.  19,  Kef.  30)],  but  also  to  the 
aromatic  (e.g,  phenyl-amido-propionic  acid  and  tyrosine). 

Loew'a  hypothesis  that  albumen  is  essentially  a  condensation  product 
of  aspartic  aldehyde,  C4H7NO2,  t.e.  of  leucem,  is  worthy  of  mention. 

The  putrefaction  of  albumen  gives  rise  not  only  to  amido- 
acids  but  also  to  other  aromatic  and  fatty  acids  (e.g,  butyric 
acid),  indole,  skatole  and  cresol ;  further,  to  the  alkaloid-like 
Ptomaines  (the  poisonous  alkaloids  produced  in  dead  bodies), 
of  which  neurine  and  pentamethylene-diamine  (or  "Cadaverin," 
B.  19,  2585)  have  been  isolated. 

Albuminous  matters  undergo  change  when  acted  upon  by  the  joioes 
of  the  stomach  at  a  temperature  of  30-40'',  pepsin  converting  them  in 
the  first  instance  into  Anti-  and  Heml-albumoses,  both  of  which  then 
go  into  peptone ;  trypsin  likewise  gives  rise  to  the  two  above  album- 
OSes,  but  then  transforms  the  anti-compound  into  peptone  and  the  hemi- 
compound  into  leucine,  tyrosine  and  asparagine  (the  pancreatic  diges- 
tion ;  for  details,  see  KuhnCy  B.  17,  Ref.  79),  The  peptones  are  readily 
soluble  in  water,  and  they  are  neither  coagulated  upon  heating  nor  by 
most  of  the  reagents  which  coagulate  albumen. 


Classification  of  the  albumens. 

1.  Those  which  are  soluble  in  water,  but  become  insoluble,  ».<- 
coagulate,  when  the  solution  is  heated  to  70-75°;  to  this  class  belong 
the  Albumens,  e.g.  egg  albumen,  serum  albumen,  vegetable  albumen, 
etc. 

2.  Those  insoluble  in  water  and  which  curdle  at  once  when  outside 
the  organism ;  this  class  includes  the  Fibrins,  e.g.  blood  fibrin,  vege- 
table fibrin,  etc. 

3.  Those  insoluble  in  water  and  in  a  solution  of  sodium  chloride,  but 
readily  soluble  in  dilute  hydrochloric  acid  and  in  alkaline  carbonate; 
they  are  neither  precipitated  on  boiling,  nor  on  neutralizing  the  dilute 

solution  in  presence  oi  Tpotaaamm  ^\\o«^\v^\.^»    "YV^^^  ^\^^  the  Albumin- 
ates, which  include  tVie  caaeina,  e.g.  m\\V  t^-e.^vo.  ^^^  N^^^\ai^^  .a^ 
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(kganiia),  and  slao  alkali-albumiiiate,  which  leeulta  on  disaoIviDK 
Dlbiunen  in  &lkali. 

4.  Thoae  ioaoluble  in  water  but  lutublo  in  a.  dilute  solution  of  oam- 
mon  Bait  or  Bulphats  of  magueaia,  and  wbiBh  coBgulute  on  heating  their 
HOlution  or  which  ara  precipitated  on  saturating  It  with  MgSO^  at  30°. 
These  are  tbe  Qlobollna,  e.g.  fibrinogene  and  fibrin oplaatic  subatance 
(which  combine  with  one  another  to  fibrin),  globuliu  (in  the  crystoUine 
lena  of  the  eyn),  myoein  (muecle  albumen)  and  vitellin. 

6  Thoae  which  are  inaoluble  in  water  and  Bodium  chloridB  solution, 
but  readily  Bolublo  in  dilute  aoida  and  alkalies  or  alkaline  carbonates, 
and  which  are  precipitated  on  neutralizing  the  aolution  but  not  by  beat : 
Byntonln  (acid-albumen). 

6,  Hemi-albomoses  and  Peptones  (see  above). 


B.  Albuminoids. 

The  albuminoidB  are  to  be  regarded  as  the  nearest  dariva- 

tivea  of  the  albumens,  being  closely  related  to  these ;  they  are 

BQOBtly  organized,  and  are  important  constituents  of  the  tissue. 

B  of  them  are  converted  into  glue  when  boiled  with  water, 

md  hence  are  termed  glue-yielding  substances.    They  give 

e  oil "  (p.  480}  on  destructive  distillation. 

To  this  group  belong : 

1.  Glutin  or  Bone  glae,  known  aa  gelatine  In  the  pure 
»te,  which  is  characterized  by  its  solution  solidifying  to  a 

1  cooling;  it  ia  obtained  by  boiling  bone  cartilage, 
jpnnective  tissue,  stag's  horn,  calves'  feet,  etc  (the  so-called 
p  collogenes  ")  with  water. 

2.  Oboniliin  or  Oaftilage  Bine,  which  closely  rcssmblea  the  above, 
esulta  from  cartilage  proper  (which  ia  termed  a  "  chondrogciio  "). 

Neither  of  these,  unlike  tbe  albumens,  are  precipitated  from  the 
B  solution  by  nitric  acid  or  potassium  ferrocyaiiide,  Tannic 
lad  throws  down  gelatine  from  eolution,  and  unites  with  tbe  glae- 
Bjelding  substiinceB  of  the  organism  to  form  compounds  ineoluble  in 
bster  (the  tanning  of  tiide  ;  leather). 

Cbondrin  is  prccipitatod  from  ita  solntion  by  many  salts  which  do 
not  throw  down  glatin,  e.g.  by  alum.  Bone  g,lilB  ^iaVAa  ^^cactSi.  »A. 
leucine  trhen  bolted  with  acids,  and  chondrin'sieWs^eu.'iioe. 

Oehitine  ia  (or   tbe   most   part  traaBtoimed  mlo  *»  •»a«i  **-  ™ 
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amido-acid  by  an  alcoholic  golution  of  hydrochloric  acid,  possibly  the 
componnd : 

CH(NHa)=C(OH)— COa-CaHj,  Amido-oxy-acrylic  ether, 

so  that  it  is  permissible  to  surmise  that  gelatine  is  a  condensation 
product  of  amido-acrolein,  CH(NH2)=:GH — CHO,  possessing  as  it  does 
the  same  percentage  composition  as  the  latter  {Curtitia  and  BuchneTf 
19,  850 ;  cf.  also  B.  19,  Bef.  697). 

3.  Mucin  or  Mucus,  found  in  slime  secretions,  is  free  from  sulphur. 

4.  Keratin  or  ?iom  substance  goes  to  build  up  the  epidermis,  nailsi 
hair,  etc. ;  it  contains  sulphur. 

5.  Elastin  is  the  chief  constituent  of  the  elastic  ligaments  of  the 
organism.  It  does  not  contain  sulphur,  and  yields  leucine  with 
sulphuric  acid. 

6.  The  unorganized  ferments  diastase,  ptyalin,  pepsin,  trypsin,  etc., 
already  mentioned  at  p.  294,  also  belong  to  this  group. 

7.  Chitin,  the  principal  constituent  of  the  cuticular  covering 
of  the  articulata,  e.g,  of  the  shell  of  the  crab,  differs  from  hom 
substance  in  being  insoluble  in  alkalies  j  it  yields  glucosamine 
(p.  289)  when  boiled  with  acids. 


C.   Compounds  of  a  higher  order  than  Albumen. 

1.  Colouring  matters.  Haemoglobin,  the  chief  constituent 
of  the  red  blood  corpuscles,  probably  possesses  a  still  more 
complicated  composition  than  albumen,  since  it  gives  albumen 
and  hsematin  (the  colouring  matter  of  blood)  when  broken 
up.  Haemoglobin  combines  very  readily  with  oxygen,  e.g. 
in  the  lungs,  to  Oxy-hsemoglobin,  which  yields  up  its  oxygen 
again,  not  only  in  the  organism  but  also  in  a  vacuum  and 
when  exposed  to  the  action  of  reducing  agents.  With  carbon 
monoxide  it  combines  to  the  compound.  Carbon  monoxide- 
hsBmoglobin.  All  three  compounds  can  be  obtained  crystal- 
lized in  the  cold,  and  they  possess  characteristic  absorption- 
spectra.  Haematin  (CggHggN^FeO^  1),  a  dark  brown  powder 
containing  8  p.c.  of  iron,  results  even  from  the  spontaneous 
decomposition    oi  \i?fcmo^\obin.     Its  hydrochloride,    Haemin    J 

microscopic,  reddi8\iA>T0^ii  eT^^\.^\^  \i^  "0^^  ^^^^ssv^  ^^  ^^«^  ^ 
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acetic  acid  and  some  common  salt  upon  oxy-hasmoglobin ;  this 
is  a  delicate  test  for  the  presence  of  blood, 

2.  Huclein  is  an  important  constituent  of  the  cell  nucleus, 

[  e.g.  of  pus  cells,  of  nucleated  blood  corpuscles,  of  yeast  cells, 
It  forms  a  white  mass  insoluble  in  water  or  dilute  mineral 
acids  but  readily  soluble  in  alkalies.  It  contains  phosphoric 
acid  in  ethereal  combination,  and  breaks  up  when  boiled  with 

I  water  or  dilute  acids  into  albumBn,  hypoxanthino  and  the  acid 
just  named.  Some  varieties  of  nuclein  are  free  from  sulphur 
while  othere  contain  it,  the  latter  yielding  tyrosine  when  decom- 
posed. Nuclein  appears  to  be  formed  syntlietically  when 
albumen  is  coagulated  by  meta-phosphoric  acid. 

D.  SubstanceB  produced  during  Metabolic 


1.  Adda  tff  the  bile.  Bile  contains  the  aodiniu  salts  of  Olyoo- 
Shollo  aoid,  CaeH^NO,,  and  TaarooboUc  add,  C»H^.,trSO^  both  of 
which  are  decomposed  hy  alkalies  into  Chollc  add,  C^H^qO^ 
=-  C,iH„(0H)(C0aH)(UHj.0H)5,  on  the  one  hand,  and  glyoocoU  and 
taurine  reBpectively  on  the  other. 

2.  The  bile  alao  containa  varioua  colouring  matteta  r  Blllrnblll, 
BUlTBTdin,  BllUuBcln,  etc.  These  apparently  bear  some  simple 
relation  to  the  colouring  matter  of  blood,  the  formula  of  bilirubin 
being  C^H^NjOe  [see  E.  17,  22C5). 

3.  The  CholBstoituB,  CjaHjilOH),  of  which  numeroua  varietiBfl  are 
now  knovn,  are  present  in  blood,  bile,  nerve  substanoe,  vegetable  fata, 
etc     Tboy  are  monatomic  alcohols. 

4.  CKtabrln,  CjjHjjNOj,  is  an  important  ingredient  of  the  medullary 
substance  of  the  nerve. 

Leoltbln,  CuUsiNOgP,  ia  a  characteristic  constituent  of  nerve  snb- 
stance,  brain,  yolk  of  egg,  etc.  It  forms  a  waxy  mass  capable  of 
crystal  ligation,  which  dissolves  in  alcohol  and  other,  and  swelU  op 
to  an  opalescent  liquid  with  water,  It  breaks  up  on  saponification 
into  choline,  glycerine -phosphoric  ooid,  stearic  and  palmitic  acids, 
and  is  therefore  to  be  regarded  as  glycerine  in  which  the  three 
bydroxyl  hydrogens  have  been  replaced  by  the  palmitic,  stearic  and 
phosphoric  acid  residnes,  the  last  of  which  still  remains  in  ethereal 
combination  with  oholine. 
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Cetyl  Iodide,  6«.                           2 

^^^1 

CanthAridln,  S14. 

Chain  leomerlsm,  93.                    '. 

Chelidonl=aetd,491. 

Chi  tin,  618. 

Caprlo  add,  161. 

Cbloral,  1ST. 

OaprilioBdd.lfll. 

CUoml  alcohoLite,  187. 

Oaproio  arid,  181. 

Chloral  hydmte,  68, 1ST. 

Caramol.  391. 

Osrlnmii!  acid,  370. 

ChloraoiUe  acid,  SB4. 

Carbnmii!  diloridc.  370. 

Chlorbydrins,  m,  2m. 

CUorlDated  aloobols,  83. 

Cbloro-aietBmlde,  188.                   i 

Carbamide,  370. 

ChlorD.acetene,  136. 

Cbloro-atetlo  acida,  168,  HB,  311. 

CbrtianilidD,'a41,  3SS. 

Chloroncetfracotic  ether,  337. 

Caiblmide,  s:.0,  36B. 

Ohloro*celjl  chloride,  178. 
Chloro.atetylene,  70. 

■ 

Cbloro-acrylio  oclde,  IM. 

OM-bo-di-imidB.  364. 

Chloro-anilina,  863. 

Carbohj'diiitcH,  385. 

Carbahydr4t<j9,  reaction  with  a.iiaphthol 

Chlore-benzene,  SOS,  333,  33B,  S6B. 

Ghloro-beniolc  add,  403, 414. 

OWoro-be-^yl  chloride,  BS8.. 

Carbo-pyrTolic  acid,  wo  Pyrtol-carboiijllo 
Mid. 

1 

CwDoBlyrlt,  418,  W3,  IBB.  . 

GhIon>.c&rboQio  acid,  388. 

CarboUo  acid,  831. 

Chlora-iarbenic  ether.  1W9.  406. 

Carbon  oxychloride,  2(13. 

OhlDn>.dlphenyl,  438,  439. 

Carbon  tctnk-imiiiiu,  99. 

Chlora.Blhs\-ira\B^n\=i«.\4,\W. 

^ 

^ 

C<«uHn,BT. 

CUaro-uphtbtleniu,  iO. 

OolUdine,  481,  483,487. 

OotUdlDB^Uaiboxjllo  allw,  4S1,  IH. 

Cblora.ph^noll,  SaS,  Ml 

OoUodioD,  IM. 

ChlDTO-phiinyl-iicetlii  ndd,  40B. 

OoUogena,  SIT. 

Chloio-phtbflUc  Bdd.,  *». 

C0lDI>l»».I>«S. 

OblQtBphyU,  514. 

Coiophonium,  soe.  SIA. 

Chloro-plcrin,  103. 

<'  CDudsneatiou,"  13i,  459,  4»4. 

CUoro-pjrtdlno,  180,  m. 

Oondenaed  HanMiie  nuclei,  4M  it  xg. 

Oolaurisg  mattcra,  sstura!,  SU. 

Cbloro-iylHnM,  333. 

"Congo "(dye),  440. 

Choluterin,  MB. 

CDnicelDS,  4S9. 

Ooni(erin,40l,BlS. 

Conifarj-iaicoliDi,  401. 

CboIlDO,  1»4,  IM. 

Conine,  4B9. 

Ctondrogone,  517. 

Cbnmogi.ii«>,  24.  SU. 

iluq. 

ChrymnUtno.  499. 

COBJ-drine,  460. 

Chi7«>l«,  «!■ 

Conylene,  67. 

Ohry«iol,  471!. 

ConjTino.  488. 

■OhiTMne,  4lT. 

Ooppst-itae  oouple,  4th 

Cb^Tdi,,350,aMl 

Gorldine,  4S1. 

OhrjiKiTdlno,  Ml. 

Oot«niM,  600. 

OhrygoIdliieB,  310. 

Cotton  djoi  410, 467. 

CbrjHoin,  S7l 

Creatine,  278. 

Cini..ho-loi>idinn.  4B7 

Creatinine,  !78. 

Creo«l,S90. 

dnchonaalkaluidE,  500. 

Cresol,  37T  3B7. 

ClnchoniBfcactd,4a7. 

CrsBol  ethyl  Blher,  ass. 

OiDdbonldbo,  JOO. 

Cinchoiiiuo,  4K2,  5M. 

Cre8yl«dphnricacid,  SW. 

aaeiiij,  £07, 

Crocela  acariet,  370. 

ClQeol,  510. 

CnK<.nicacld,M«. 

Ccot«nicacida,  104,  IW. 

dnnsmic  Mid,  108,  408,  410,  U7. 

Crotonio  aldehyde,  134, 

ClunsmlB  alcotiDl,  397. 

CrotonylonB,B7.320. 

Cliiniui.lcildoliTd.,390. 

Oryptldine,4e7. 

Cinnamon,  til!  ot,  3911. 

Oryatai  violet,  453. 

Oryitalllne,  SM). 

Clreularpol«rioiH™,M,Sl. 

Cnmalieadd,239,4ei. 

Clttaconlc  Ki^ld,  2Se. 

Cumarios^-ida.  410,  U7. 

atradnio  acid,  247,  ttl. 

Cumarln,  409,  427. 

CltroiiB,iOS,aM, 

Cumeoe,  333,330. 

Citric  Beld.a4e. 

CutnoBok,  377. 

Clt«ii>,<>Uo[,5I)4.Gn. 

Cumlc  acid.  380,410,  417. 

€lMsifloitton  ol  Orgiinle  eompomdi.  23. 

€lo»ed  chains  and  ringa,  47,  198,  S9a,  511. 

Cuniioaldci,yde,  399. 

ClQves,  oil  o/.  SOO. 

Cumidine,  341,  3S8. 

Cumin,  oil  of,  386,604. 

Cocnlnfl,  Ml'. 

Cuminol,  399. 

CocairyiaSmhol.m- 

CiipricferrocyanldB,  266, 

Coecerr'lo  ""id,  aia. 

Codeine,  400. 
CtonilBlQ,  457. 
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ilda.SH 

QlamliJa.beiuDla  addB,  OU,  Ut. 

UioUnOiiSB. 

■oid.SST. 

SUmldo-dlpbeUf  1,  4ae. 

Bthar,  iSi. 

DUmidd-diphm).lamliie,  Ml,  306.           0 

BthlDS,  IM. 

Dlamlilo^tUbene,  45T.                            ^^^| 

carbonic  slhor.SSS. 

dlpbenyl.  438. 

DiunineB,  les.                                           ^^H 

r>tij»dd.,m. 

DlMolDM,  KomaUe,  849, 3S8.                                ] 

pyildiDB,  4Be. 

DI«o-«:iti=Blli6r,213. 

qulDollne.  408. 

«>,  348,  848. 

in  liromido,  267. 

VB  eWorld  a,  267. 

«D  Cdmpounda,  SI4S,  SM. 

•D  Icriido.  aS7. 

Dkute-ben^ne  Imldo,  364.                       ^^H 

,ni.iilphId9,2fliL 
iuBidfl,  SflB. 

Dluio.bcPEeno  nitntD,  Set.                     ^^^^1 

Id  iiiilii,  969. 

io  cblorlde,  157. 

DlaiQ-ton«iiE.>U.Br  o<ld..  304. 

B,  ai3,  >!^  33L 

&.m 

DisM-bsniDicaqldB,  414. 

KW.M. 

Diazo^tlioisiie,  108. 

D 

DU™-phBnol>.  896. 

»,aB9, 

attD,  428. 

DlbeDzojl-mstbuis,  4SB. 

ta.tjs. 

IMbeni^l,  4S7,  «T. 

Dibromo-BnthniconoB,  4T2. 

jmsldon  of  hydrocatbiini. 

poaltlim  ol  optlcBll;  noU 

UDdabylctniBnta,  Bl. 

DtbrocBQ-tadlgo,  132. 

•IcahoK  86. 

troplnm  2M,  480. 

aio»eid,II47. 

Dibromojiucolnio  add,  BBS,  248. 

T-boDHUl.,  46B. 

Dloatyl-Blber,  9E. 

m.  2W. 

>-tattarlc«id,340. 

Dicblciro^catlii  tuld,  172. 

«.  286,  ast. 

I>loli]oro-aeolo.acetlc  ethsr,  227. 

tunido.  IBO. 

Id,  202. 

Dlcbloro-aldsb;de,  137. 

D-acBtfc  ether,  227. 

Dlehlorointhraqulnona,  174. 

7l.  2M,  322. 

mchlonnJIphaoyl,  ia8. 

rW,6a. 

Dlcliloro-bidlgo,  482. 

DtcblDHi-tetroir-bonaBne,  392. 

ylene-mmorarbojiyllcMld 

■1.B7. 

loa<I>d,S79,  281. 

u,m. 

DlMhsA.Ko^mnffllTl.iW- 

^' 

DiBthy\»!itoo,Ul.                                            ' 
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DlettDrl-mnlliiu,  Ml. 
Dietb^l-beimiiH,  SiS. 
Methf I  dliulphlde,  W. 
■DlothJ-1  6tl.tr.  91. 
Diothyl-glyrul,  103. 
Dlethjl-hydmiinQ,  118. 
BtoUirl-liJdraiiue,  nioi  d 

DleUijI-lndleo,  412. 
Nethjl  kotono,  Hi. 
Dietbrl-phuflpliliilD  acid.  IS 
Dietliyl  aulrbido,  M. 
Dleth;!  (ulphonii.  DS. 
DlDtbyl  salphDiida,  90. 
Diethyl-biluldlao,  436. 
Diethjl-urea,  370. 
mfHiylaDO'dlamlneT  195. 
Dignllic  mid,  tee  Tannin. 
DlglyDollsnilc  aoid,  S13. 
IHhydro-comaine-dinirboi 
Diliydra  -mnthyl-pyrldlne. 
Dlhjidtii-plitbiillc  add,  KS. 
Dibydnj-pyridtnB,  48S.    . 
Dlli;drD.<lulQDllnis,  190. 
rrt-iDdo-bonHmoa,  3SS. 
Di-iEDcyuilc  acid,  £60. 


|}linBthy1.BcstHDlde,  130. 
Diuiothyl-iicetti-iicBtic  cthor,  226. 
Dimethyl-ulloxsn,  2S2. 

Dlmethi'l-Hiiildu-uzobonEeDO-BiUphon 

Dlustbylamine,  llll. 
Dlniothj-1-anllinc,  841,  M4. 
DlniathyUntbraccn™,  472,  *7S. 


nsUiyl'iil 


3.dM. 


Ulmothyl-piinibanic  (u 

Dimptbyl-phenylene  grcon,  SBfl. 

Dlinothyl-phoaplilne,  1^. 

DlmBtliyl-pbDBpbtnic]  wddy  120. 

DiDislbjl-iiIperidlne,  ISO. 
Drmethyl-pyrldlno,  4B0,  Ul. 
D/nipthyJ-p/Hdino-cBtboiyllc  ofhai, 
nmetfayl-pyrral,  S37. 


Dlmstbjl-loluidinc,  3 
Dlmetlijl-urio&cld,  2« 
Dlnopbcbola,  4GH, 


i-di[>hiiiiyt,  4^,  isn. 
MilphBny1.discetyIenB,  iW. 
itro.d1phoitylamiaoB,  35fi. 


oilndole,  M4. 
Diy-aoidB.  lis.  Hit, 
oiy-antbrBcoacB,  f!i,  4». 


Dicaiy-dlphenylainiDe,  3t1. 
Dloiy-dlphenyl -phlballde,  195. 
Dloly-dlquinoyl,  395. 
Dtoxy-napbttaaleDUB,  4IJ7. 


10  dthydro 


Dipont 

Slpbiinals,  4E 

Slplienyl-Acatlc  sold,  442,  MB. 

Diphonyl-bcBMne,  438,  Ml. 
Dlphimyl-broma.olb»De,  444. 
Diphenyl-qartilnoi,  see  Benzhydrol. 
DIpbBnyl-corboiyllc  add.  4SS. 
Diphonyl-diacetylono,  46B. 
SIphenyLdlcarboxylic  add,  iiS,  Ml. 
Slphenyl-ethano,  Ui.  MS,  4&r. 
Dipbopyl-ethrleo-.  ir.7. 
Dlphenyl-glycollii 


umld?,  MS. 


;td,  446. 


l>lyhBnylei--,,  ..,. 
Uiphdnyl.bydroflnu,  373. 
Dlphonyl  ketone,  444. 


w 
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ZHphenjl-toljl-netluuie,  44S,  W. 

Bthane,  18,4ii. 

j!j[nane-cncarDoiyiic  acia,  zvt. 
Elhonrl-Bmldine,  18B.  3411, 

Dipbenyl-thlo-iuTM,  S*B. 

Ethenyl-amidoiime,  137. 

IXphenyt-urea,  351,  3SS. 

EtbGnyl-diphcnyl-Emidine,  ISD. 

Dipheurlaoiina,  841,  35S. 

EthcDyl-trtetbyl  other,  199. 

Mplieiijlamine  Hue,  356,  453. 

DIptenylene  Letone,  442. 

Ether-adde,  93. 

Btliers,  Mmple,  88. 

DiphBDylBn8o»lde,438,M0- 

Etiiora,  oompoiind,  70,  97, 178. 

MpieDylins,  43B,  410. 

Ethers  ot  the  fatty  nr^ds,  178. 

Dipheaylfl,  438. 

Ethidens  chloride,  83. 

IMpl«>linici«ld,488. 

Ethionic  acid,  197. 

Diplpertdyt,  m. 

Dipropargyl,  68. 

Etbyl.aoeto-aoetic  etbor,  226. 

DiprridlM,4M,48S, 

Elhyl.acetiin.ido  chloride,  133. 

Dipyridyl,  4SU,  485. 

Ktbyi-BOBtimido  chlnrldB,  133. 

DlqilinoUne,  iSO,  496. 

Ethyl  ilcohol,  78. 

DiqulDolyllne.  480,  496. 

Ettiyl-amine,  111. 

Bthyl-anillnc,  311. 

DtotmaHon,  ttMtidEBl,  57,  Bl. 

Ethyl-banzane,  81S,  3S3,  3j». 

Dteidpbuilllc  acid,  37S. 

IMtUo-adda,  179. 

Ethjl.ben™icfloide,41B. 

DithloHarbamioaoid,  2Tfi. 

Ethyl  bromide,  64. 

Ethyl-camphor,  610. 

Dltblo-urotliane.  278. 

i;thyl.aaTbatnIne,  110. 

Ethyl-carbonic  aold,  268. 

Wtoljk,  438. 
Dodecue,  34. 

Ethyl-cotjl  ether,  92. 
Ethyl  chloride,  84. 

Double  bond,  4S,  M. 

Ethyl  cyanamide,  284. 

Ethyl  oyanida,  loS. 

Durenfl,  323,  831. 

Durenols,  971. 

278. 

Dj™,  318,  iU,  etc. 

Ethyl-ijiyeolllo  acid,  211. 

Djiamlto,  203. 

Ethyl-glycollic  sold,  derivativoe  ol,  211. 
Ethyl-hydrazinB,  116. 
Ethyl  hydride,  10. 

B 

Ethyl  hydraeulphldo,  03  tl  ttq. 
Ethyl-Iudoiyl,  436. 

Eogonine,  Ml. 

Ethyl  iodide,  06. 

Egg  «lbu»™,  616. 

BgB,  "Wteot.sla. 

Ethyl  isothiooyaQsto,  283. 

Ethyl-lacHc  acid,  218. 

KlaMieaoid,  187. 

EtLyl-maloBlo  ethers,  234. 

BlMtin,  618. 

Etbyl-mothyl-pyridine,  436. 

Elayl,  see  etliylene. 

Ethyl  nltrslfl,  99. 

ElBctrnlysiB,  39,40. 

Ethyl  nitrite,  100. 

EmpWi-al  (otmulas,  7. 

^  BmulMin,  K94,  393. 

Ethyl-nllrolic  acid,  102. 

Eodns,  4BS. 

Bthyl-oxaUe  aofd,  232. 

EplBhlotbydrin,  201. 

Bthyl-oialyl  chloride,  282. 

Bthyl-oianlhranol,  472. 

Snide  Boid,  167. 

Ethyl-phenol,  330,  SSS. 

Erytlirin,{KI8.4M. 

Bthyl-phDBphinee,  120, 121. 

Brythrtte,  203. 

Ethyl-piporidlne,  48». 

fiiyUiritlc  acid,  210. 

Ethyl-pyridine,  488. 

Ethyl-Hdiojlic  acid,  «l. 

Erythrorin,  458. 

^ant  rvBction,  the,  3B8, 

ElhjV80lp\iliiio  iiin*,1.<ib. 

xtbai,se. 

Bthsl^DlBlionlc.  «M.,\W'-         ^^ 

k""' 

EtIiTl-nitpbDale  obtoride,  IDS. 
BOiyl-enlpliaDla  etber,  106. 
Btliyl4ulpbuiic  acid,  1D4. 
Etbyl^EolpliiirouB  add,  IDG. 
Btli7l-toluanea,  S30. 
EHijl-urep,  S73. 
Gthf  leas,  48,  SO. 
Bthjlssa  bramldB,  67. 
Bttylone  cUoride,  61,  BT. 
Etbjlesa  ojanhydriu,  193,  2D7. 
Ethylene  oyiuilde,  1V2. 
Ethj'lenB  dlunlni),  isa,  196. 
SU^lena^dlaulpboDic  sdd,  109. 
Bthjlena  gJjool,  Icl. 
athflene  hydtamine,  1». 
Etbylene-imlne,  104. 
Ethfleno  lodlds,  07. 
EUiylaiie-Uctle  udd,  S16. 
BftylMiB  Glide,  193. 
EthyUdene  Bhlortde,  61,  68. 
EUiylldBne  cyauhydiln,  133,  IDS 
Btiiylidena-diphetiyl  diBaiue,  34 
EtliylldsneKlleulp^nic  Boid,  106 
BUiflideDe  glycgl,  ISl,  101. 
EtbfUdaBe-lacCIc  iu?id,  '^14. 
BUiyUdene.encctnlc  acid,  136. 
Eugannl,  390. 
Enpfon,  48. 
Eupittons,  IM. 
Eurbodlnes,  103. 


Fast  :;eUov.  3fi 
Futced,  468. 
FttK,  163. 
FuMjacidiBril 


FumariQ  seid,  236,  2S7. 
Purfumne,  307,  B99. 
Fui-f  uraDfl  alcohol,  297,  34 


0,611. 
GallsTa,  160, 
Qaltlne,  U6. 
Gallloaoid,  SOI,  ill.i 

nl'a  add,  ISO. 
I  at,  07, 
■n(dre),a 


4 


Ou-llc, 


Oaaoline,  44. 
8,617. 


Ferolic  add,  427. 
FibtiDB,  610. 
Flbrogone,  SIT. 
Flbrlno-plastlc  ai 


mlc  aeid,  lee  Seilns. 
Glyceric  acid,  219. 
Qlycerlc  aldehyde,  SSO. 


FUTean  hydride,  252. 


FlDO-heiirHeDe,  S3&. 


Knorenyl  alcohol 
fTuorsaoflln,  460. 
Muorescln,  466. 
FormomfdB,  1S3. 
formic  aoid,  154. 


le-phosphorio  acid,  300; 
le.Bulphnric  aold,  200. 
'ceryl  chloride,  89. 
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igen,  291. 

Heiudacyl  sloohol, «.                        ^^^^| 

ainmids,  311. 

Hex-eth]'] -benzene,  923.                      ^^^^H 

dchlorhydrin8,188,iea. 

HeitaLydro-dipjridjd,  490.                        ^^i 

a,  ethera  ol,  i92. 

Bexabydro-pyridlnc,  *TS.                                     II 

illicscelato,  188,192. 

>m<.  Brfd,  no,  aiD. 

Hesa-mothjlBne.  62,  312. 

lUlc  aldehyde.  220. 

HBiMnethyi.trlBinldo-trlpliiinyl-niethBQO 

ihe  cMoride,  211. 

aiigBUiw,2ll. 

HeiBuitTD.dlpheu;1umine.  S66. 

aide.  211 

HoiQij'.antliraquinone,  474.                                 ■ 

a>,  18T. 

He«o»y-l«BBede.  S22,  871, 398.              .^^J 

irmicaeld,S44. 

Hexoxj-dipben;],  440.                            T^^^H 

»1,221. 

HexagOD  formula,  SI2.                           fl^^^H 

ullo  add,  222. 

»Ul>B,  221. 

alo«.29a. 

Heiyl  alcobols.  Be.                                 ^^^H 

He:s7l  chloride.  OS.                                ^^H 

lesctloii,  tbe,  3B3. 

Heiyllodide,  321.                                 ^^^H 

B01.5S9. 

Hexylene,  46.                                       ^^^^^M 

Idine.  277. 

Hlppmlc  »dd,  212,  U«.                       ^^^H 

me.  SSl.aBl. 

H2Bt 

Homoa>nlcacid,318,                             ^^^H 

benxito,  U2. 

I^fiia. 

»ttoQ.29S. 

HomologT,  20.                                          ^^H 

«erdia,m 

Honey  BtoDe.4S1.                                     ^^H 

HydsDtoli:  acldi  273.                               ^^^H 

H 

HydanWIn,  270.                                      ^^^H 

Hydiaoryllo  eoid,  210.                              ^^^M 

ktdn,  ei8. 

stoijUn,  614. 

Hydratropiit  ai^id,  410,  U7.                    ^^^H 

Hjdraifdes.  1S5.                                      ^^^H 

oglobin.  61S. 

Hydradne,                                              ^H 

B3. 

Hydnzmea,  fatty,  117.                               ^^^H 

dn,  514, 

Hydnuones,  135,  143,  287,  373.                ^^H 

«liQ.  SU. 

Uydrlndlc  aeld,  123.                                ^^H 

Bthin,  sen.  371- 

in,  61S. 

Hydra-benzamlde,  398.                            ^^^M 

mithene,  S23,  330, 

*lbuino«B,  5ia 

Hydro-benzoin  uetlc  atber,  458.             ^^^H 

joeiutlo  arid,  305,  430. 

HydnKurbona,  aromatiD,  323.                 ^^^^H 

I>iDioa=id,430. 

Hjdrdcarbona,  fatty,  34.                            ^H| 

»rpeam,m. 

Hydro-carbostyril,  417,  492.                                   \\ 

Hydiocinn>imlc  acid,  40S,  410,  UT. 

1  alcoliola,  86. 

Hjdto.cffirullgnone,  441. 

flrae.48. 

Hydn«ollidmo-dicarboiyliQ  «th«.  1S%              , 

ttldta,  6ia. 

BMeno,  506,  508. 

Hydrooiunario  scld,  40B,  410.                   ^^H 

bromo-bonzorie,  321,  335. 

BydcocyH.aic  acid,  2f>l.                           ^^^M 

HydTD.!cic\s:9&'c>^B  wA&.^IA.                ^^^H 

4toro-o£i8dp,  eo. 

Ryaro-tortnc3™^=  wii.^JA-             ^^^H 

fag^^^ 

Hyd»^m^OBwAi,W\-            ^^^M 
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Hydro-muconic  acid,  236. 
Hydronaphthalene-tetracarboxylic  ether, 

461. 
Hydro-naphthoquinones,  467. 
Hydro-paracumaric  acid,  408,  410. 
Hydro-phenazine,  360,  508. 
Hydroquinone,  889. 
Hydroqninone-dicarbozylic  acid,  429. 
Hydroquinone-tetracarboxylic  acid,  430. 
Hydrosulphides,  98. 
Hydroxamic  acids,  187. 
Hyoscine,  490. 
Hyoscyamine,  490. 
Hyx>ogsBic  acid,  164. 
Hypoxanthine,  284. 
Hyi)och]orouB  etber,  108. 


Imesatin,  488. 

Imides,  111,  281. 

Imido-carbamic  comi)oundfl,  274,  277. 

Imido-carbonic  acid,  269. 

Imido-carbonic  comi)ound8,  274. 

Imido-carbonic  ether,  269. 

Imido-chlorides,  183. 

Imido-ethers,  184. 

Imido-thio-etbers,  184. 

Imines,  194,  300. 

Indamines,  356. 

Indene,  468. 

Indican,  431. 

Indicator,  371. 

Indigo,  899,  431. 

Indigo-brown,  431. 

Indigo-gelatine,  431. 

Indigo-purpurin,  432. 

Indigo-red,  431. 

Indigo-sulphonic  acids,  432. 

Indigo-white,  482. 

Indin,  432. 

Indirubin,  432. 

Indole,  433,  436. 

Indonaphthene,  468. 

Indophenin,  301. 

Indophenols,  856. 

In  doxy  1,  433,  435. 

Indoxyl-sulphuric  acid,  436. 

Indoxylic  acid,  435. 

Indoxylic  ether,  485. 

Indulines,  503. 

Inosite,  289. 

Inulin,  294. 

lodo-benzene,  382,  863. 
Jodo-proplollc  acid,  169. 
Jodo-propionic  acids,  170, 112. 
Iodoform,  69. 

Iodoform  reaction,  the,  83. 
lodolj  SOO. 


IridoUne,  497. 

Isatic  acid,  424. 

Isatin,  424,  438. 

Isatin  chloride,  484. 

Isatoic  acid,  434. 

Isatoxime,  484. 

Isethionic  acid,  197. 

Iso-anthraflavic  acid,  472. 

Isobntyrlc  acid,  160. 

Isobutyl  alcohol,  85. 

Iso-cinchomeronic  acid,  488. 

Iso-citrlc  acid,  247. 

Iso-crotonic  acid,  166. 

Isocyanic  ethers,  258. 

Isocyanides,  109,  405. 

Isocyanuric  ethers,  259. 

Iso-cyxnenes,  831. 

Iso-C3rmidine,  859. 

Iso-dipyiidyl,  490. 

Iso-durene,  328. 

Iso-ferulic  acid,  518. 

Iso-hydrobenzoln,  458. 

Iso-melamine,  265. 

Isomerism,  12, 16,  41,  92,  208. 

Isomerism  in  ihe  cyanogen  group,  266. 

Isomerism  of  the  benzene  derivatiy« 

307,  818. 
Isomerism  of  position,  98,  817. 
Iso-nicotine,  490. 
Iso-nicotinic  acid,  487. 
Iso-nitrile  reaction,  the,  114. 
Iso-nitriles,  109. 
Iso-nitroso-acetone,  148. 
Iso-nitroso-ketones,  148. 
Iso-nitroso-methyl-acetone,  221. 
Iso-nitroso-naphthols,  467. 
Iso-paraffins,  43. 
Isophthalic  acid,  429. 
Isoprene,  67,  508. 
Isopropyl  alcohol,  84. 
Isopropyl-benzene,  323,  330. 
Isopropyl-benzoic  acid,  417. 
Isopropyl  chloride,  65. 
Isopropyl  iodide,  65. 
Isopropyl-piperidine,  489. 
Iso-propyl-pyridine,  486. 
Iso-purpuric  acid,  386. 
Iso-saccharic  acid,  219,  244. 
Iso-succinic  acid,  235. 
Iso-tropine,  490. 
Iso-xylene,  329. 
Isuret,  187. 
Itaconic  acid,  236. 
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iMbtnaaiat  reistiDn,  tlie,  354,  930, 

Light  bluo,  453. 

KetiDM,  Ml. 

Liebt  green,  163. 

Lignocaric  acid,  147. 

EBto-dlhf  dro-pyrldlos,  iSS. 

Ugroln,  M, 

Keto-tetrahrdro-ormoiio,  Oil. 

Linking,  double,  49,  41)3. 

Kabme-adds,  aromatla,  tOi. 

LlnHng,  triple,  66. 

Ketone.aolds,  fatt;,  °!3. 

Linolefoftold,  137. 

Litmus,  390,  Sl«. 

Eotone-alcobols,  !Ofi,  231,  !»e,  400. 

Lupetldlnea,  189. 

Lutldlnoa,  430,  181,  fBT. 

Ketones,  (attr,  12S,  138. 

LuUdlnio  acid,  4Sa. 

Ketones,  mixed,  1B9. 

EIso-uhdIc  add,  426. 

M 

!• 

Haddor  root,  174, 

Magdalared,  603. 

Iac«o«Llde,2I4tD21fl. 

MiHachlle  green,  449. 

lAotla  adds,  derivaUTSs  of,  310. 

Lactic  (eimentation,  211. 

Ualamlde,  280. 

Laetlde,  SIS,  318. 

Maleicacid,  2S6,2S7. 

Lactimea,  416. 

Lactones,  SIB. 

Malonic  acid,  233. 

LactoM,  288. 

MalDnicsWel.yde.aald,  409. 

Lactyl  chloride,  178,  21S. 

Malonic  eiher,  2BS. 

Laotyl.urea,  27S, 

Lffivo-conine,  48». 

"Malc>nyl,"229. 

L«vo-lartaric  aold,  542. 

Malonyl-urea,  282, 

LiBvulose,  286,  B88. 

Lakes,  471, 

Mandelic  acid,  402,  409, 12R 

Mannitan,  eoi. 

laiiih'i  violet,  see. 

Lead  aiet-ates,  158. 

ManuiCic  add,  218, 

^ 

Lead'tetra-meOiiiJe,  128. 

Matgarlcaeld,lS8.                        j 

Leatbor,  9  IT. 

Marsh  gas,  39.                                1 

lertthin,  BIB. 

Mnrtiai'  yellow,  186.                         ■ 

LeBumln,  61T. 

Maiivetoe,  60S,                               ^ 

Lckene,  46. 

MeconIcadd,491. 

Lepargylto  acid,  228. 

Ueconine,  600. 

LepidlDO,  197. 

Meeoninie  aoid,  48a 

Msiamina,  2«5. 

Kucaiirin,  4S4. 

Melene,  46,  SO. 

,    iflucicacid,  ar. 

Melilotle  actd.  Bee  o.Oumartc  acid. 

L     LBudne,217. 

Melisiia  acid,  147, 1S8. 

Meliseic  alcohol,  86. 

1     I*uco-eonipeimds,  448. 

Melitoee,  299. 

r     Leuco-malKhlte  green,  864.  *W. 

Meliitcne,  831, 

■       LBnoo-rusqlle  ai^ld,  464, 

Msllitlc  acid,  922,  402, 131. 

Leneo-thloQlne,  8G6, 

LancooioMid,  EM. 

Leiulinio  add,  2S7. 

Mmdivi  roe.ottott,«iB,\\'i,-i'41,. 

Idebea  moldM,  Oi. 

Menthol,  BiQ. 

ZMi»Blii,M. 

M8P0»ptal«,\a. 

A 

■ 

^^TOI                                                INDEX.'                             ^^^^^ 

Meraiptan,  B3«Kg. 

Methyl  cyanide,  lOfl. 

Msrcnric  cyanids,  ZM. 

Methyl-diphenylamlne,  34T,  36S. 

Methyl  ether,  n.  OZ. 

Moroury  iilhdde,  127. 

Methyl-ethyl-scctie  add,  161. 

Harcury-cthyl  bydroiids,  118. 

HethyLethyl^cstcacctic  ether,  MI. 

Methyl.ethrh.mine,  lit 

HBK1117  niethida,  JSr. 

Moreuiy-niBlhj'l  chloride.  1*8. 

Methyl^^thyl-benioio  adds,  414. 

Methyl-ethyLcarbio-carhinol.  m. 

MiHldlne.  3M,  3Be. 

Melhyl^lhyl-carblBol,  84. 

Hedtyl  oiide,  142,  lU. 

Methyl-ethyl  ether,  89. 

Methyl-ethyl  ketone,  138,  SBO. 

Mothyl^thyl  Bolphlde.  95. 

MMttylene  haiahydrida,  3S0. 

Hathyl-furfarane,  M7,  300; 

Methyl  green,  46S. 

USBft^piiiafflDa,  43. 

Methyl-hydanbfln,  578. 

MsBorcln.  877,  3M 

Ma»o-l«j1arlQ  sold,  242. 

Methyl  hydroeulpblds,  93  cE  ug. 

MeaosBlie  add,  SM. 

Mothyl-lmefflthi,  4M. 

Matasyl  chloride,  14*. 

Methyl-indole,  437. 

Muthyl  indlde,  64. 

Metaldehyde,  136. 

Uetbyl-lsBtin,  434. 

MBtalliccTanldea,  ZM««S. 

MelhyLtotlo  acid,  414. 

Melantl  yellow,  378. 

HoUnUlc  acid,  375. 

Methyl  Uottiocjanata,  263. 

MEU-styrenB,  B3B. 

Metbyl-ltetole,  436. 

MothMiylioarfd.  IBfl. 

Methyl.morpbine,  499. 

Math^ia,  39. 

Methyl-naphthalenes,  467. 

Mathane^ll.  and  tri^arboiylJo  BCld»,  SOB, 

Methyl-naphtbylaminea,  iflB. 

Methyl  nitrate,  OS. 

Matbyl  nitrite,  160. 

MathiDB  »rtM,  31. 

MethjI-nonyl  ketona,  144. 

Methyl  orunse,  371. 

Methyl-oxamic  ether,  113. 

Melhmyl-amidDilmo,  187. 

Mothionic  acid,  196, 

Methoiy-pyridlDH,  4S6. 

MethyLphoapbiDe,  121. 

Matholy-quinolino,  496. 

,            Hethyl4C3to-aaetlD  ether,  229. 
MBthyl-acridtac,  498. 

Mothyl-propyl-benzenea,  331. 

Methyl-pseudo-Iaatin,  434. 

Methyl  alcohol,  78. 

Methyl  ildahyde,  IBS. 

Mothyl-pyridone,  486- 

Methyl-pyrogatlol,  377. 

MBthyl-amJne,  116. 

Methyl-pyrrol,  207. 

Mottiyl-ainyl  fltbar,  BO. 

Usthyl-anlline,  341,  363. 

Methyl  Bidphlde,  Xitug. 

Melhyl-anlhraceiKfl,  478,  475. 

Methyl-Bulphonia  acid,  lOS. 

Mothyl-enlphurio  acid,  104. 

Mothrl-beoMno,  eec  Toluene. 

Methyl-lhlo-mrhtolde,  27fi. 

Methyl-tUophones,  297,  299. 

Methyl  hromido,  64. 

'           Mothyl-carboBtyrll,  493. 

Methyl-uracyl,  278. 

Metbyl-nreo,  272. 

HBtby]  chloride,  84, 

\  U«Oti^VM-t\t  sA4,  T&3. 

Mflthyl^hlorotorro,  69. 

\  Ti.«'&i\  ■rtj,\j*»,  -SA,  U&. 

■^           Uetbyl^iiuhiO,  480. 

W^^-r :«.,«.. 
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bi»  bromide,  M. 

Naphttol  yallow,  468. 

l8l«blUB.aB6,3(». 

NaphUiolB,  856,  461,  M6. 

leii8ehlorlde,6a. 

lmeBlj™l,lfll. 

Nsphtho.(IiiluuBas,  467.                             ^^h 

lens  Iodide,  M. 

lenitan,  286. 

Naphth;lamiiie.^phoDic  adda.  466.      ^^H 

ImphM,  610. 

NaphtliylDiie  dlaoiiieB,  466.                    ^^H 

Jgar,  Efll. 

I  reagBnt,  516. 

NarcotlDe,  400.                                         ^^H 

(Ieo.pBr^ffii«,  48.                                     ^H 

Jar  rafrBcUon  BqiilTalont,  30. 

NeuHne,  lOe.                                           ^^H 

laryoluma,25. 

Ncutralizallon,  htat  of,  2D<                      ^^H 

MeatT^red,602.                                     ^H 

Nicotidine,  400.                                      ^^^M 

NicotlDO,  40a                                         ^^^H 

«hyliii,200. 

NicotlnlD  add,  4S7.                                      ^^H 

™in.iM.aia 

NIgroslnea,  603.                                      ^^H 

Ite,  «s. 

141t»cetanmdes,340,35a.                      ^^H 

uinie«ld,*!6. 

Inn,  469. 

MtrunUlc  ncid,  304.                                 ^^H 

.arcb,  204. 

idd,  243,  24*. 

Nitric  eCber,  00.                                       ^^H 

le,  S96,  SIS. 

Nltrilee,  uomatic,  406.                           ^^H 

NitrUee,  fatt;,  107.                                 ^^H 

de,  233. 

Nitro.aoaMc  add,  172.                              ^H 

d  oik,  262. 

Nitro^uuto-ultTile,  lOS.                            ^^H 

dollreactloii,  ttie,  114. 

Nltro.a1izariii,  4TS.                                  ^^H 

Nltm-amldD-pbeiiols,  3S6.                       ^^H 

1  alcohol,  72,  96. 

lc«id,lBl. 

jna,  144. 

Nltro-bonjonfrBulplionio  adds,  B7B.         ^^H 

*  add,  618. 

Nitro- benzoic  adds,  402,  IM.                  ^^H 

ci,613. 

Nitro-bromo-baiEOic  adds,  418.               ^^1 

N 

Nltro-camphor,  610.                                 ^^H 

IS,  aea  Pelroleum  ether. 

KItro.climamic  acida,  418.                       ^^^H 

■ilena,  41B,  4Sa. 

mtro.clananiTO  dibromide,  417.              ^^H 

Kltro.cuinena,  BSO.                                  ^^^H 

HllTO.dertvatlvos,  aromaUc,  3B6,  B3T.      ^^H 

Lalena  dlchloride,  462. 

ialenahjdrtdea,462. 

lalena  tetrachloiida,  462. 

Nitro.dibramo-ettujie,  102.                    ^^^H 

nleue  jellow,  460. 

Nitn^dinictb;l.anilinc,  364.                    ^^H 

allc  add,  468. 

laiftrin,  467. 

NibiD-erj'thrlte,  203.                                ^^H 

isrinD,K)!. 

HiCto-etliane,  100,                                    ^^H 

•ma,,  4S,  SB,  B27. 

Niti^gl;aerine,  201.                                '^^H 

Nitro-iBatln,  4SE.                                      ^^M 

ionic 'add,  4H. 

Nltro.mi>luohlte  green,  440.                      ^^B 

NitrD.meallyleoe.  337,  330.                       ^^H 

ro-anthracene,  477. 

lOlO  Kids,  468. 

Nilro.imphtbslens9. 481,  tU.                 ^^H 

iol*jeVl  etiienr,  408. 

lIllrD-oxvtoiiiD\s  BXft4*,W&.                   ^^^^1 

lJIltra-s1i«i:iQ^.i\«,%?%.^RfL.Wb-   ^^H 

nm^ 

536 


IKDEZ. 


Nitro-phenyl-acetylene,  832,  419,  459. 
Nitro-phenyl-lacto-metiiyl  ketone,  432. 
Nitro-phenyl-propiolic  acid,  419. 
Nitro-phthalic  acids,  429. 
Nitro-propionic  acid,  172. 
Nitro-pseudo-cumeue,  839. 
Nitro-quinolines,  496. 
Nitro-thiophene,  801. 
Nitro-toluenes,  816,  337,  8S8. 
Nitro-toluidines,  859. 
Nitro-zylenes,  814,  837,  389. 
Nitrogen  bases  of  tiie  alcoholic  radicles, 

110. 
NitroUc  acids,  102. 
Nitrosamines,  115,  847. 
Nitroso-aniline,  858. 
Nitroso-benzene,  389,  368. 
NitroBo-comi)ound8,  see  also  Isonitroso- 

compounds. 
Nitroso-dimethyl-aniline,  841,  350,  354, 

884. 
NitroBo-diphenylamine,  341, 365. 
Nitroso-indole,  486. 
Nitroso-indoxyl,  485. 
Nitroso-methyl-aniline,  347,  85i. 
Nitroso-phenol,  384,  398. 
Nitroso-reaction,  the,  854. 
Nitrous  ether,  100. 
Nomenclature  of  the  alcohols,  77. 
Nomenclature  of  the  hydrocarbons,  42. 
Nonanes,  44. 
Nonylene,  46. 
Nonylic  acid,  163. 
Nucle5n,  619. 


o=ortho,  see  Ortho-compounds. 

Oak -tannic  acid,  426. 

Octanes,  44. 

Octo-Ditrile,  82. 

Octyl  alcohols,  86. 

Octyl-amine,  182. 

Octyl-benzene,  828. 

Octylenes,  46. 

Octylic  acid,  see  Caprylic  acid. 

(Enanthol,  137. 

Oil  of  the  Dutch  chemists,  48. 

"  OU-forming  gas,"  60. 

Oils,  fatty,  162. 

Oleic  acid,  166. 

Olefines,  46. 

OleXn,  162,  202. 

Olibeno,  505. 

Opianic  acid,  430. 

Opium  alkaloids,  499. 

Optically  active  compoundB,  tVve\r  pxe- 

paration  by  means  of  fermeuta,  SY. 
Omnge  II.  and  III.,  3V0,  371. 


Orange,  oil  of,  504. 

Orange  peel,  oil  of,  508. 

Orcein,  390. 

Orchil,  390. 

Orcin,  377,  390. 

Orcinol,  890. 

Oi^gano-metallic  compounds,  126. 

Orsellinic  acid,  890,  425. 

Ortho-acetic  acid,  derivatiyes  of,  225. 

Ortho-acetic  ether,  199. 

Ortho-acids,  derivatives  of,  175. 

Ortho-oompounds,  809,  315. 

Ortho-formic  eUier,  149. 

Ortho-leucaniline,  449. 

Osazones,  287,  878. 

Oxal-ethyline,  221. 

Oxalic  acid,  154,  231. 

Oxalic  ether,  112,  232. 

Oxaluric  acid,  279,  281. 

"  Oxalyl,"  229. 

Oxalyl-urea,  281. 

Oxamethane,  233. 

Oxamic  acid,  288. 

Oxamide,  282. 

Oxanthranol,  472,  473. 

Oximes,  142. 

Oximide,  233. 

Oxindole,  484. 

Oxy-acetic  acid,  206, 5S10. 

Oxy-acids,  aromatic,  403. 

Oxy-acids,  fatty,  206. 

Oxy-alcohols,  aromatic,  400. 

Oxy-aldehydes,  aromatic,  400,  407. 

Oxy-alkyl  bsises,  196. 

Oxy-anthracenes,  472. 

Oxy-anthraquinones,  472,  474. 

Oxy-azo-benzene,  868,  371. 

Oxy-azo-compounds,  368  et  seq. 

Oxy-benzaldehydes,  400,  401. 

Oxy-benzoic  acids,  307,  309,  380,  402, 420. 

Oxy-benzyl  alcohols,  400,  401. 

Oxy-butyric  aldehyde,  134,  220 

Oxy-butyric  acid,  206,  217. 

Oxy-caproic  acids,  206,  217 

Oxy-cinnamic  acids,  427. 

Oxy-citric  acid,  247. 

Oxy-diphenylamines,  387. 

"  Oxy-ethyl,"  194. 

Oxy-ethyl-methyl-tetrahydro-pyridine, 

490. 
Oxy-ethyl-sulphonic  acid,  197. 
Oxy-ethylamine  bases,  187, 193  et  seq. 
Oxy-fatty  acids,  206. 
Oxy-haemoglobin,  618. 
Oxy-hydroquinone,  377,  392. 
Oxy-isobutjolc  acid,  206,  217. 
Oxy-lepidine,  493. 
O-x.^  -ToalloTAa  ^<i\d^  238. 
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Oiy-nlootliilc  tcld,  4»1. 

Jerehlow-ethanB  «» 

Oiy-phenyl-si^atlc  arid,  408,  «2B.       . 

Oiy-phUuJlc  acids,  814, 129. 

PereUoro.ethjlcnB,  80,  70. 

Oiy.pyridinos,  180,  US. 

Persulphooj-anio  add,  261. 

Ox  j-ateartc  add,  218. 

Pom  balaam,  367,  413. 

Oiy-stffliric  add,  aulpburlo  ether  of,  218. 

Oiy.BUDcinic  add,  238. 

Peppsimint,  oilU,610. 

Oiy-QiIo-iuiphtlieue,  131. 

Ox; .tolulc  adds,  410. 

Oij-tropins,  490. 

Oxy.vBleriQ  acids,  We,  SIT. 

Omkerlte,  IC 

PhoDaathreueHquliioue.  171. 

P 

PheuiJlnc,  501. 

Phenetol,  382. 

F^parn,  aae  Pats.compounds. 

Phenol,  BOB,  807,  362,  374,  S81. 

Palmitloadd,  162,  163. 

Fbeool  blue,  366. 

Patome  Bth™,  176. 

PalmitiD,  16S,  202. 

Phenol^jarbontc  acid,  aalta  ot.  SS3, 4H, 

Pheool,  ethers  o[,  382. 

Palniltyl  chloride,  177. 

Fhenol  methyl  ether,  see  AnisoL 

Pbeaol-phthalelo,  466. 

Pheaal.phlhallHe,  «6. 

Pam.aldehfde,  136. 

Kienol-sulphonic  adds,  809,  382, 387. 

Phsnol-aulphurio  add,  832. 

Para-fuohBine,  iid. 

Phonol-trisulplioiiic  add,  387. 

Para.|«tie  add.  216. 

Phenolic  adds,  402. 

Phonols,  376,  aSS,  801,  802. 

ParS'nMaiilUDe,  4S0. 

Pheno-aafranine,  503. 

Para-xjlioadd,  416. 

PhcDoae,  392. 

Paraffin,  16. 

-Plicnjl,'- 327. 

Parafflna,  B6. 

Phenyl -ocetaldohydB,  399. 

Parabank  udd,  970,  3SI. 

Pheuyl-a(!eticacld,403,«6. 

Parchm™tpapot,298. 

Phenyl.acetylo.iB.  832. 

Parvollne,  4S1. 

Phenyl -flcridlne,  198. 

PelaiKOulc  add,  U3. 

rhenyl-acrylio  add,  108. 

PentiwJUar-anilino,  862. 

FcntMhloro-benzene,  332. 

Pheuyl  alcohol,  BSl. 

Phsnyl-Msido-Bcetlc  aotd.  410. 

Pmta^eeyUo'acid,  117. 

Ponta-Diethyl.amido.bBnjcna,  359. 

Phenyl^alDiiie.  310,  3E0. 

Fenta.mBthyl-phenol,  877,  388. 

Penta-mBthjleae  deriTativcifi,  296,  289. 

Phonyl-anthranol,  179,  4T3. 

Fenla-methylene.dtaniliie,  IBS,  ISZ,  616. 

Fhonyl-butylene  dibromlda,  416, 1M. 

Penta.triacontano,  31. 

Phenyl-bntyrio  adds,  112. 

FentBDea,  *i,  486. 

Pan-tUophone,  301. 

Phcnyl-ehloraceMo  add,  413. 

PepBin,  B94,  616. 

Phenyl.chinaniio  add,  458. 

Phenyl  oyauata,  811,  31M. 

leA^m^tletpne,  144,  S22. 

Phenyl  oyaalds,  sea  SenunAWIWi. 

Per-add  saJU,  1ST. 

AnUorioaUavlOS. 

Phenyl  d^«a\«'h\de,  VA. 

INDEX.                   ^^^^^^^1 

Phanyl-dltolyl-Tnetliaiie,  «8. 

Phoaphorio  others,  120, 121. 

Hianyl  other,  383. 

PhEnjl-Bthyl  alcohols,  SOT. 

Phthidrtn^,  4S6. 

Phthalic  acids,  305,  31*.  40B,  43S,  OS. 

Phecyt-sthyl-hydrikeiao,  373. 

PhlhsUe  anhydride,  12S. 

PhthaUde,  424. 

PhthaUdelm,  172,  4T3. 

Phonyl-glyiieiiae,  396. 

Phthalldinea,  472, 17B. 

Phenrl.glj-oiylic«!id,4a4. 

PhtballQB,  4M. 

Phthalo-nllrllca,  876. 

Phthalyl  alcohol,  393. 

872. 

PhthalylohJotid  0,429. 

M,  217,  237. 

Phenyl-imldo-butyric  acid,  3M. 

Physical  iaomerlani,  BIT, 

Pbenjl-liiocrDtoiJo  Bcld,  418. 

PlcoUnea  480,  182,485. 

PioeUdJd  acid,  487. 

Phenjl-tetic»l:Ld,12t, 

Picramfde,  B5B. 

PhBoyl-niBthjrl-carbhuil,  3»T. 

Pioric  acid,  382,  38S. 

Fheuyl-methyl  ketooe,  39S. 

Picrotoiin,  8J4. 

Plcryl  ohlortde,  339,  SgB. 

Phnartc  acid,  B12. 

PlmeUc  arid,  22S,                    ^^^ 

Phenyl-naphlhylaminHs,  «5. 

pioacollne,  144.                       ^^^^^^^^H 

Pinaeone,  190, 191.                 ^^^^^^H 

Phenyl-propiolic  nciii,  832,  40,1,  *19. 

Phonyl-propiontn  ncida,  408,  417. 

FipecDlslH,  483.                          ^^^^H 

Phenyl-propyl  alcobol.  3B«. 

PipecQlines,  439.                                      H 

Piperic  acid,  127.                                     ^ 

PiperidcTna,  438.                                        ■ 

PhsTiyl  salicylate,  421. 

Piperldine,  180,  488,                                  ■ 

Pheiijl.iiaUcylicMld,421. 

Plperidlno,  mOBtitntion  ol,  m.               ■ 

Pheayl  lulphlde,  874.  384. 

Plperino,  483.                                           M 

Phenyl  iiu]phone,aS4. 

Plporonylia  acid,  125.                                     M 

Pipetylone,  67,  489.                                  ■ 

Fhanyl-thlo-iirsM,  Btl,  3SB. 

Pirylcno,  08.                                                     ■ 

Phonyl-lolyl-Bnihio,  359. 

Fitldcall,  4S4,                                          ^M 

Pbenjl-tolyl-carbinolB,  442. 

Phenyl-tolyl  liotoaea,  44S. 

PhdBl^.,  I6S,                          _^^^^H 

Polyethylene  glytols,  193.    '^^^^^M 

Phenyl-tolyls,  188. 

Foly-tarpoaos,  KB.                 ^^^^^^H 

PhenjlaneWue,  BM. 

Polymerism,  13.                      ^^^^^M 

Pheaylene  brawn,  S71. 

••  PonceiM  ■■  (dyoa),  B7S.           ^^^M 

Populin,  SIB.                                          ■■ 

Phenyleds-etbonyl-wnldlne,  8*». 

Fhlorsttn,  391,  613. 

Polasslum  cyanata,  258.                        '^H 

Phloroglncln  triombojtrlin  ether,  321, 

Potasalmn  cyanide,  2B4.                         ^M 

Phloragluclntrimethyl  ether,  391, 

Phorogludn-trioilme,  B91. 

Potanaium  ethlde,  126.                          ^H 

■              Phlniln,  46S. 

Pbomae.  112,  IM. 

Potasaium  ferricysnide,  25S.                   ^H 

PJiMipbin,'  49S. 

\-Bc,'u«*.MmiwMiia»,Ta!i,                             ^M 

V^t&aiiaii^vii.                       ^M 

■■■■■I 

ggg^^l 

Oldd 

94fi 

Jie-trlsulphonl 

Wlioield,lfi 

tBTUc  aloohol, 

ouoadd,  lar. 

one,  1+t 

mio  acid,  160. 

myl-cuboijllc 

acid, 

221. 

PjTodolI,  301, 
PTToaraUol,  30B,  37T,  891. 
PJrogalloJ^arboijUc  mtd, 
Pycag&llol  dimethyl  etber, 

-      Jl,  297'  3M. 

>I-csrboxyl<c  aclda,  S9 

Pj^Tol-poUasliim,  sot,  482 
Pyrrolidine,  300. 


dehydo-phanyl-lijdrazlna,  ISO, 


l-pwoda-altrol,  102. 
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Baffinofle,  202. 

Rapinic  acid,  218. 

Rational  formulse,  19. 

Bed  pnissiate  of  potash,  256. 

"Reduced"  ring,  817. 

Refraction  equivalent,  80. 

Resin  acids,  512. 

Resin  soaps,  511. 

"Resinification,''511. 

Resins,  511. 

Resorcin,  877,  889. 

Resorcin-phthaleln,  889,  468. 

Retene,  477. 

Rhigolene,  44. 

Rhodanic  acid,  261. 

Rhodizonic  acid,  895. 

Ricinoleic  acid,  167,  218. 

"  Ricinoleic-Bulphuric  "  acid,  475. 

Ring  linking,  52,  198,  295,  811. 

Rocellic  acid,  228. 

Roman  oil  of  cumin,  504. 

Rosaniline,  450. 

Rosaniline  blue,  458. 

Rose  de  Bengale,  456. 

Rosolic  acid,  454. 

Rubean  hydride,  252. 

Ruberythric  acid,  474,  618. 

Rufigallic  acid,  472. 

Rufiopin,  472. 

Rufol,  472. 


8 


«=symmetrical,  313. 

Saccharic  acid,  204,  243,  244,  291. 

Saccharimetry,  291. 

Saccharine,  219. 

"  Saccharine  "  (from  coal  tar),  415. 

Saccharose,  291. 

Safranines,  851,  503. 

Sage,  oil  of,  506. 

SaUcin,  513. 

SaUcylic  acid,  305,  411,  420. 

SaUcylic  aldehyde,  400,  401. 

Salicylic  methyl  ether,  78,  421. 

Sallgenin,  400,  401. 

Salol,  421. 

Santonin,  514. 

Saponification,  95,  98. 

Saponin,  613. 

Sarcine,  284. 

Sarco-lactic  acid,  216. 

Sarcosine,  213. 

Saturated  hydrocarbons,  84. 

Scarlet,  Biebrich,  372. 
Sebacic  acid,  228. 
Secondary  alcohols,  73  et  «eg. 
Secondary  compounds,  62,  78, 209. 
Secondary  ring,  817}  891. 


Seignette  salt,  241. 

Selenium  compounds,  97* 

Serine,  219. 

Serum  albumen,  516. 

Shellac,  512. 

Side  chain  isomerism,  818. 

«  Bide  chains,"  818,  825. 

Silicium  tetramethyl,  126. 

Silver  cyanide,  254. 

Silver  fulminate,  109. 

Sinapine,  501. 

Sincaline,  196. 

Skatole,  486. 

Skraup  synthesis,  the,  492. 

Soaps,  163. 

Sodio-aceto-aoetic  ether,  226. 

Sodio-malonic  eUier,  283,  821. 

Sodium  aoetanilide,  857. 

Sodium  ethide,  126. 

Sodium  ethylate,  88. 

Sodium  methide,  126. 

Sodium  nitro-prusside,  256. 

Solanine  bases,  501. 

Sorbic  acid,  168. 

Sorbin,  289. 

Sorbite,  204. 

Sinrtelne,  501. 

Specific  gravity,  23. 

Specific  rotatory  power,  82. 

Spermaceti,  86,  162. 

Sprit  blue,  463. 

Starch,  293. 

Stearic  acid,  162, 163. 

Stearin,  162,  202. 

Stearin  candles,  162. 

Stearolic  acid,  168. 

Stearone,  144. 

Stearoptenes,  504. 

Stilbene,  457. 

Stilbene  dibromide,  457. 

Stilbene-dicarboxyUc  acid,  458. 

Storax,  331,  397. 

Structural  formulse,  see  Constitution. 

Strychnine,  600. 

Stycerine,  396. 

Styphnic  acid,  889. 

Styracin,  397. 

Styrene,  331. 

Styrone,  397. 

Suberic  acid,  228. 

"  Substantive  dyes,"  440. 

Substitution,  laws  governing,  317. 

Substitution,  backward,  37. 

Succinamic  acid,  285. 

Succinamide,  285. 

Succinic  acid,  234. 

Succtnic  anhydride,  235. 
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r  flnccino-sucrfnlo  sther,  821.  480. 

r     "Succinyl.-BSS, 

Tetra-bromo-dl-lodD-ooBln,  t6«. 

f     SqccIb;  1  chloiids,  235. 

Tetra.bromo.dinitro-b8niena,  387. 

1      Bug™,  th=,  521, 

Tetra-bromo-fluoreaceln,  466. 

Sagan,  iTntLeBla  of,  2B6. 

Tatra-bromo-metliane,  6B, 

TetnujUoro-BnlUiia,  352. 

BulpUne  bu«,  68,  97. 

Tetra-chlcru-lDdlgo,  432. 

1      BolptilDlc  soldB,  fattr,  lOG. 

Tetra-Qhlcro-methano.  69,  407. 

■    BiiIp3io««tlcacid,  m. 

■    Bolpho.benzlde,  sri. 

TetnrHJecane.  34. 

■    Bulpho-bensolc  odldB,  40U,  US. 

Tetra^ethyl-totrazoDe,  118, 

Tetra-hydro-phthaUo  acids,  312, 12a. 

Sulphonlc  adds,  fatty,  ICS. 

Tctra-hydro-pyridine,  4(iS,  490. 

aolpho««,96. 

Totta-hydrfHiuinoline,  480, 196. 

Sulphur,  Taleney  d(,  W. 

Tetm-lodo-pyrrol.  300. 

Sulpbuiic  acid,  Donstltutlon  of,  1D6. 

Sulphuric  etiiors,  103,  104. 

SulphutouB  ethers,  lOt 

Tetra-[netliyl.ar6enlc  oompounda.  122. 

Byl^trene,  JOB,  SOS. 

Tetra-meliiyl-bonBenes.  328. 

ByntoQin,  611. 

834,  Hi.  tan. 

341.388. 

T 

Tallin..  162. 

T«mi=adds,Ma 

Tannin,  411.  US. 

Tamitag.  .26. 

Totta-niothyl-quiuoline,  407. 

Tar.  319. 

Tetm-methji-roaanillDH,  463. 

Tartar.  2«. 

Tetra-uiethylcno,  63. 

Tartar  emetio,  241. 

Tartaric  acid,  240. 

Tetra-nitro-naphthalene,  464. 

Taurine,  197. 

Tetia-oiy*nthra(|ulnone,  472. 

Tetra-oiy-bonienB,  393. 

TeCra-Dif -heusDic  adds,  426. 

Tetra-oiy-quinone,  395. 

Teraconlc  add,  366. 

TeragrjUe«id,m 

Tetra-phenyl-ethylene,  46B. 

TotrBBO-dlphen jl  dilortde,  440. 

Taraphthallrj  acid,  429. 

Thchalne,  4M. 

TerpeneB.  »4. 

T  rp  nylJ    aoid.  MT. 

Theobromine.  284. 

Terpln  hydtBts,  60S. 

Thcobromlc.  aold,  IM. 

Terpiu  n       08. 

T  rphim    608. 

Thiaeet-anilido,  184,  BB7. 

Tertarya     b^U.lStliiq. 

Thlacctic  actd,  1T9. 

T  rtlary     mpounda,  62,  73,  209. 

ThiaceHc  ether,  IBO.                       ^M 

Tart  arj  hydrogen  atoms,  423. 

Thlacetone,  142.                             ^^H 

Tertiary  ring  317. 

l^tna     f  jio^HcBfbojyllcaeid,  238. 

TtdtuD\B,  sn.                            ^^^1 

lWn«n.fdo.he««ne,MB. 

k 

'TUiHoVaie,«ft.       ^^^^^M 

1 

^ 

~^^^^^H 

643                                               IHDET                    ^^^^^^1 

Thio-Kids,  179. 

Tri^setamUB,  180. 

■niioilMhol.,  98,  06. 

Tri-acatin,  198,  202. 

Thio-Bnlllne,  BSl. 

Tri.flinido-bt!nieneii,  341. 

TrI-amido.dipheiiyl.toljl-mBthimB,  460. 

Tri-amido-phenal,  886. 

Tri-»mldo-triphBiiyl^)arbliiol,  460. 

Tfi^mldu-triphrayl-tnethaiiB.  46a 

ThlFMHimpouiids,  93. 

Tri-»mta«,  Biomatic,  349. 

ThI.i-eranMHa,  «S1,  EOI. 

Thio-cyanln  add,  Ml. 

Tii-benzoyl-mettiBiie,  4£9. 

ThiD-cf  uilo  Bthar,  '2^2. 

Thio^Jnuiurii:  «!d,  M3. 

Tri-bromo-phHiol,  884. 

ThlD^Uglj^Uio  chlorido,  198. 

Trlcarballylio  »did,  a4a. 

TUo.dlplieDylamlDe,  Sfifi. 

Tri-chloro.acotaialde,  188. 

TlilD*th6«,  M,  m. 

ThlD.gl;comaKld,  311. 

Thio-hjdantoln,  277. 

Tri-chloro-aeelo-KDrylic  add,  8M. 

Tri^ihloro.aldoliyde,  ia7. 

Thio-naphtlieDB,  437. 

Trl-chloro-aDlline,  391,  35fl. 

Th1<>-pbOT0l.,  383,  SB3- 

Tri-chiorhjdrin,  69,  70. 

TUontoB,  3W,  360. 

Tri^^yinoBBH,  256,  267. 

TbiQphane,  297,  3ai. 

TriHlBoinB,  34. 

Trirfithyl-jilkiiie,  196. 

Tri-othjhuoine,  117. 

ThiophthBae,  468. 

Thyme,  oil  of,  MS,  604. 

Tri-ethyl-phOBphlno,  12L 

ThymanB,  fiOB. 

Tri^thyl-phoephine  oxido,  121. 

Thymol,  377,  38B. 

Tri^,tliylin,  m. 

Tri-glrcullaoiic  aoid,  212. 

Thymo.quin™6.  894. 

Tri-keto-heiameliyloDe,  SBl. 

Tigllcii=W,  169. 

Trt-memtlo  aofd,  430. 

Trimcslc  add,  SSS,  480. 

Tolano,  45S. 

Trimeaio  etbet,  BSl. 

ToUdine,  441. 

Trl-mothylamine,  116. 

Tolu,  balBUn  at,  397,  412. 

Tri.niothrl-»«lna,  wa,  ISA. 

Tri.methyl^rsUie  dlahlorlda,  132. 

Tii-mettiyl-anliie  oxide,  122. 

Tolu-aJanlnB,  M3. 

Tri-methyl-heiiioic  acids,  112. 

Ttolaono,  303,  82!,  32B. 

Tri-metbjl-InethBEe,  41. 

TuluBBB,  tormation  ot,  324. 

Toluona  hydrides,  339. 

ide,  19fl. 

Tolulo  «ddm  40S,  410,  41B. 

pounds,  346,  36*. 

Trl-methyl-phoBphlno,  121. 

Muldlnea,  341,  358. 

ToluylarBWue.OT- 

Toluylene  red,  360,  503- 

ToljlalH.holB,39«. 

Tri-methylens-carboxylicwdda,  SU. 

ToIyl-anlliDe,  468. 

Tolylena  ffljcol,  B9fl. 
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nricactd  group,  STB. 

grino-iudican,  435. 

0-phBUol,  see  Horio  acid. 

o-tripheajl-carbinol,  M7. 

V 

-benBDlc  aclda,  125. 

Valoney,  theory  of,  IS. 

Valency  u(  sulphur,  96, 

-miithyl8D6,  ISfi. 

ValBric  adds.  160,  Ifil. 

-pyridine,  483,  ISfl. 

Valero-Hltrllo,  IM. 

-Irfphenrl-motbane.  *M. 

Valerjlone,  63,  67. 

*ijl.Hmtae,  311,  358. 

Vanilllcacld,  ill,  IBS. 

injl.benMne,  438,  Ml, 

TanlUin,  400,  401. 

Djl'.cubliiDl-D.iarlKiyllDiicld,  4SS. 

,11. 

VaaellDS,  46. 

myl.mstluuie,  416,  MT. 

VogeUble  albumon,  5M. 

iuyl.metbanii  bnmids,  HI. 

Yegctable  fibrin,  618, 

mjl-mBthanB^j^atboxjUo    add, 

VegetablB  substanoei  ol  unknown  eon-           | 

Voratrino,  601. 

mrl-rosaailiao-aiilpbonlo  acid,  IBS. 

Voauvln,'  369. 

inojll  395. 

Vlotoria  gTBen,  440. 

OHMTbonlc  Boia,  B7S. 

Victoria  orange,  388. 

llliie»,3;o,aTl. 

Vinaase,  79. 
Vinyl-amino,  117. 

Kid,  411, 121. 

Vinyl  bromide,  60. 
Vinyl  chloride,  60. 

^m 

idale,  SB,  4M. 

le,  4M. 

Vinyl  HUlpbido,  97. 

ID,  2H,  516. 

VlolanlllDe,  361,  SOS. 

■red,  478, 

Vitellin,  617. 

Vulcanlle,  M9. 

iil'iblu6,2Sfl. 

Vulplc  udd,  U9. 

lUiiB,  S04,  EOS. 

>tlna,oU  of,  504,006. 

thoory  01,13,  14. 

»l"hrdn)gBii,  TB,  15S- 

W 

iu,lll,«)tB. 

Water  blue,  *5B. 
Wax  varieties,  162. 

■ 

U 

Wiua!  spirit"  of,  80. 

V 

Jlo  Bdfl,  427. 

llferone,  427. 

Wood  spirit,  TB. 

^^1 

iDllc'acid,  168. 

ylBulc  aold,  169. 

lylic  acid,  16S. 

X 

1,BT0. 

aalU,  etc.of,  3T1. 

alkyia8riyatlT»0t,lJTB. 

g-acldi,  3T9. 

Xanlhic  Mid,  i!76. 

^H 

fcC' fW. "» 

M 

J 
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ZjlMie-onfwzjlie  adcb,  416L 
Xylene  hydrides,  889< 
Xylene-eolplioiilc  adds,  876L 
Xylenes,  806,  814,  818,  888, 
Xylenola,  877,  SM. 
Xylicaeidi,410,4ie. 
Xylidinee,  841, 9BB. 
Ifylo^ninone,  8M. 
l^lordn,  877, 88K 
Xylyl  chlorides,  88i. 
Xylylene  bromidee,  882, 400. 
Xylylene-diaminee,  880. 


Teurf;,  80, 294. 

TeUow  pnuniate  of  potuih,  25&. 


Zine  etUde,  1S7. 
Zine  methide,  127. 
Zinc-methyl  iodide,  187. 


^'(j 


A^ 


i 


